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Foreword 


On October 5, 1984, the second Shuttle Imaging Radar, S1R-B, was 
launched into orbit aboard the Space Shuttle Challenger. SIR-B is the third 
step in an evolving NASA program to use spaceborne imaging radar tech- 
niques for Earth and planetary exploration. Previous spaceborne imaging 
radar missions by SIR- A (1981) and Seasat SAR (1978) were equipped with 
fixed imaging geometries. The principal difference between SIR-B and these 
two radars was the ability of SIR-B to image selected Earth targets at a 
number of different incidence angles and to acquire the data in a digital 
format. Mechanical tilting of the SIR-B antenna provided the means to obtain 
such multiple-incidence-angle coverage on successive days of the mission. 

Approximately 7 hours of digitally recorded data were acquired by SIR-B 
over about 6.5 million km 2 of the Earth’s surface. Multiple-incidence-angle 
coverage of tropical terrains, mountainous regions, and vegetated lowlands 
were obtained for the first time. This represents a pioneering use of space- 
borne radar systems for Earth observations. It is enabling investigators to 
study the relations between radar backseat ter and incidence angle quantita- 
tively through a range of different terrain types and surface covers. SIR-B 
stereoscopic radar measurements have provided an experimental basis for all- 


weather topographic mapping from space that is commensurate in accuracy 
with existing photogrammetric techniques. 

Investigations of the SIR-B data include studies in the areas of geology 
and cartography, hydrology, vegetation, and oceanography. Applications of 
the data to such studies are illustrated in this atlas of 40 selected SIR-B 
images. The images are accompanied by diverse types of interpretive informa- 
tion that include multiple SIR-B coverage, computer-generated perspective 
views, sketch maps and diagrams, or corresponding coverage obtained by 
remote sensors using different wavelengths at different times. 


Shelby G. Tilford 
Director 

Earth Science and Applications Division 
Office of Space Science and Applications, NASA 
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Abstract 


In October 1984, SIR-B obtained digital itnage data of about 6.5 million km 2 of the 
Earth's surface. The coverage is mostly of selected experimental test sites located between 
latitudes 60 deg north and 60 deg south. Programmed adjustments made to the look angle 
of the steerable radar antenna and to the flight attitude of the shuttle during the mission 
permitted collection of multiple-incidence-angle coverage or extended mapping coverage 
as required for the experiments. The SIR-B images included here are representative of the 
coverage obtained for scientific studies in geology, cartography, hydrology, vegetation 
cover, and oceanography. The relations between radar backseatter and incidence angle for 
discriminating various types of surfaces, and the use of multiple-incidence-angle SIR-B 
images for stereo measurement and viewing, are illustrated with examples. Interpretation 
of the images is facilitated by corresponding images or photographs obtained by different 
sensors, or by sketch maps or diagrams. 
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I. Introduction 


The Shuttle Imaging Radar B (S1R-B) was launched into orbit aboard the 
Space Shuttle Challenger on October 5, 1984 S1R-B acquired digital radar 
image coverage of varied terrains and ocean surfaces through— for the first 
time-a range of different incidence angles. Approximately 7 h of digital data 
covering about 6.5 million km 2 of the Earth's surface were obtained between 
latitudes 60 deg north and 60 deg south. The coverage is shown in Figure 1 . 

SIR-B is the third experiment in NASA’s evolving series of spaceborne 
imaging radar studies. The experiments are part of a continuing program to 
develop the scientific capability and technology necessary for a spaceborne 
multifrequency multipolarization radar with variable imaging geometry, a 
radar that will fly an extended 10-year mission on the polar platform compo- 
nent of a space station called the Earth Observing System (EOS). 

The program began in June 1978 with the launch of Seasat. This free- 
flying Earth-orbiting satellite included a synthetic-aperture radar (SAR) 
system. The SAR was designed specifically to image the ocean from a nearly 
polar orbit (Beal et al., 1981, Fu and Holt, 1982; Vesecky and Stewart. 
1982). It operated at L-band (23.5-cm wavelength) with horizontal parallel 
polarization and a fixed look angle of 20 deg. This look angle was chosen to 
provide the highest sensitivity to subtle changes of slope on the ocean’s 
surface. The swath width was 100 km and the spatial resolution was 25 m. 
Significant coverage of land surfaces was obtained as well (Elachi. 1980; Ford 
et al.. 1980J. 


Seasat failed unexpectedly in October 1 978 after a short lifetime of about 
3-1/3 months. Nevertheless, Seasat provided the first synoptic radar images of 
the Earth s surface. It was a technological success, and the radar images 
provided a new means of studying and observing the Earth’s surface. 

Space-shuttle orbiteis provided r iew platform for advanced imaging radar 
systems. These radars could be built more economically than saichites and 
flown on short proof-of-concept missions, then returned to Earth for upgrad- 
ing to more technologically advanced systems. 

In 1981 . SIR-A was launched aboard the second shuttle flight (Cimino and 
Elachi, 1982; Elachi et al., 1982: Ford et al., 1983). Much of SIR-A was built 
from Seasat SAR spare parts; for this reason. SIR-A also operated at L-band 
with horizontal parallel polarization, but the look angle was fixed at 47 deg. 
SIR-A obtained data with a swath width of 50 km and a spatial resolution of 
40 m. The data were recorded optically on board the shuttle. 

The main objective of the SIR-A experiment was to further our under- 
standing of radar signatures of land features. A look angle of 47 deg was 
selected because this angle provides increased sensitivity to surface roughness 
and decreased sensitivity to topography. A notable result of the experiment 
was the imaging of buried river channels in the hyperarid regions of southwest 
Egypt (McCauley et ai„ 1982; Elachi et al., 1984). The channels are buried by 
1 to 3 m of sand and are not visible on optica] images or from the ground. 
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INTENSITY OF RADAR BACKSCATTER 
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RADAR INCIDENCE ANGLE 9 , deg 

Figure 2. Radar baekscatter m a function o» Incidence angle 


A comparison of images acquired over the same area by Seasat SAR and 
by SIR-A shows that baekscatter intensity is a function of local incidence 
angle. In general, baekscatter is controlled by topography at lower incidence 
angles and by small-scale surface roughness at larger incidence angles (Fig- 
ure 2). The rate at which radar baekscatter decreases with increasing incid- 
ence angle is governed primarily by the roughness characteristics of the 
surface. Surfaces that are smooth relative to the wavelength of the radar 
produce a steep baekscatter curve, while surfaces that are relatively rougn 
produce a flatter curve. At incidence angles greater than 30 deg, a rough 
surface produces a stronger radar return than a smooth surface. This indicates 
that the baekscatter characteristics of different natural surfaces might be used 
to discriminate different types of terrain (Figure 3). 

Spaceborne imaging radars provide perspectives of the Earth's surface that 
are unique in geoscientific studies (Flachi et al., 1 982; Carver et al., 1985). In 
addition to the radar's ability to penetra'e dry surface cover (Blom et al., 
1 983 ) and tenuous vegetation layers (Engheta and Elachi, 1982). Seasat SAR 
and SIR-A data have been particularly useful in structural and morphological 
mapping because of the strong sensitivity of the radar baekscatter to changes 
in surface slope or roughness (for examples, see Ford. 1980 and 1984; Sabins 
et al. 1980; Elachi et al , 1981 ; Sabins. 1983; Wadge and Dixon. 1984). 
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RADAR INCIDENCE ANGLE 



Figure 3. Surface characterization using bsekscattsr as a function of incidence angle 


II. SIR-B: The System and the Experiment 


Quantifying the backscatter-vs-incidence-angle response of various surfaces 
was the purpose of the SIR-B experiment (SIR-B Science Plan, 1982; Cimino 
and Elachi, 1982). Accordingly, the SIR-B antenna was designed for mech- 
anical tilt in one-degree increments over a 15- to 60-deg range of look angles. 

To acquire multiple-angle imagery with an orbiting radar, a very specific 
orbit altitude and orbit drift are necessary. SIR-B was flown in a nominally 
circular orbit at an inclination of 57 deg. On mission day 3, a 225-km altitude 
was attained. Because this altitude was slightly above that needed for an 
exact one-day repeat cycle, the required westward drift was produced. On 
each successive day. the shuttle flew progressively farther from a specific- 
target, and a larger look angle was required to view the target (Figure 4). 
The pattern varied with the latitude and longitude of the target relative to 
the orbit node. This 225-km altitude was maintained to provide multiple- 
angle imaging capability for the duration of the mission. To obtain images on 
either side of the shuttle’s nadir track, the shuttle was flown in different 
attitudes. 


The orbitai drift was also used for stereoscopic imaging. Furthermore, 
by changing the incidence angle only slightly from day to day, the drift- 
ing orbit allowed collection of hterally contiguous images that could be 
mosaicked to cover a large area for mapping purposes. 


DAY-TO-DAY DRIFT 

H H 


60 deg 52 deg 45 deg 37 deg ?1deg 



SWATHS DEPENDS 
ON l.ATITUDE 

Figure 4. Orbit drift and multiple-incidence-angte viewing capability 
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Other features of SIR-B included a folding antenna, increased bandwidth, 
and a digital data system (see Figure 5). The folding antenna provided room 
in the shuttle payload bay for a deployable satellite the Earth Radiation 
Budget Satellite (ERBS), which was lofted into orbit from the shuttle on the 
first day of the mission. The increased bandwidth improved range resolution 
by a factor of two. At a 47-deg look angle, resolution improved from 40 m 
on SIR-A to 20 m on SIR-B. 

The digital data capability allowed transmission of data through a Digital 
Data Handling System (DDHS) on board the shuttle to the Tracking and Data 
Relay System Satellite (TDRSS) for relay to the ground receiving station at 
White Sands Mew Mexico; these data were transmitted at a rate of 46 Mbits/s. 
Alternatively, the data were stored on a 30-Mbits/s recorder mounted on the 
Challenger flight deck for later transmission through the TDRSS to the 
ground receiving station. The data were then sent via DOMSAT to Goddard 
Space Flight Center where they were recorded and transmitted to JPL for 
processing. This digital capability allowed, for the first time, quantitative 
analytical studies of the illumination effects in radar backscatter. The digital 
system also provided a dynamic range and spatial resolution that were 
improved over those of SIR-A. 

Two additional features enhanced the flexibility of the SIR-B system and 
improved the final image product. First, the number of bits per sample was 
selectable between 3 and 6. Inasmuch as the downlinked data rate was 
limited to 46 Mbits/s (TDRSS real-time transmission) or 30 Mbits/s (onboard 
recording), it was possible to select fewer bits per sample to increase the 
swath width of the image or. alternatively, to select more bits per sample for 
increased dynamic range with reduced swath width. SIR-B also had an inter- 
nal radiometric calibrator to allow calibration of data over selected areas. 
The technical parameters of the SIR-B system m listed and compared with 
those of the SIR-A and Seasat SAR systems in Table 1 . 

SIR-B investigations by a team of 43 investigators (Table 2) include studies 
in the areas of geology, hydrology, vegetation, oceanography, and stereo 


mapping, as well as investigations on the characteristics of the radar system 
itself (The SIR-B Science Investigations Plan, 1984). Among the investiga- 
tions are 13 from foreign countries that include Australia, Canada, England. 
Germany, The Netherlands, New Zealand, and Sweden. Many of the experi- 
ments were carried out overseas by U S. investigators in collaboration with 
foreign researchers. Collaborative data analyses of this nature were conducted 
in Argentina. Bangladesh, Botswana. Brazil, Egypt, India, Indonesia, Peru, 
Saudi Arabia, and Turkey. Two investigations were performed on foreign 
oceans one off the coasts of southeast Africa and southwest Chile, and the 
other in the Southern Ocean. During the mission, members of the SIR-B 
Science Team were positioned around the v Id on ships, airplanes, and 
farms, and in deserts and jungles to collect ground-truth data in support of 
their experiments. 

Technical problems that developed during the mission prevented acquisi- 
tion of the full image coverage that had been planned. The shuttle’s commu- 
nications antenna, which served to transmit digital data to the TDRSS, 
lost its drive mechanism; this made it impossible to track the satellite. The 
problem was partially remedied by disconnecting the pointing control and 
locking the communications antenna in a fixed position. With the antenna 
locked, the shuttle was maneuvered into a TDRSS tracking attitude to 
allow transmission of the digital data to the ground. This new mode of 
operation required alternate transmission of stored data followed by return 
of the shuttle to the required attitude for acquisition and onboard digital 
recording of a further increment of radar data. Under these circumstances, 
the coverage that could be obtained during the mission was significantly 
reduced. 

Further problems were arcing and power loss in the feed line to the 
imaging radar antenna. Because of the dynamic range available in the digital 
data system, it was possible in many instances to boost the gain and partially 
compensate for this loss of power. In spite of these problems, a large number 
of SIR-B targets were imaged successfully, and sufficient data were obtained 
to demonstrate the value of the multiple-angle imaging capability. 
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Tabic 1. Technical parameter* of Seaaat BAR, SIR-A, and SIR-0 


Parameter 

Seasat SAR 

SIRA 

SIR-B 

Mission 

Date 

6/2 7/78 

11/12/81 

10/5/84 

Duration 

3-1/3 mo 

2 

8 days 

Carrier (mission) 

Seasat 

O ibia (STS 2) 

Challenger (41-G) 

Orbit 

Altitude, km 

795 

259 

360, 235, and 225 

Inclination, deg 

108 

38 

57 

Radar 

Frequency, GHz 

1.275 

1.278 

1.282 

Wavelength, cm 

23.5 

23.5 

23.5 

System bandwidth, MHz 

19 

6 

12 

Transmit pulse length, p s 

33.4 

30.4 

30.4 

Pulse repetition 

1463-1640 

1464-1824 

1248-1824 

frequency, Hz 

Transmitted peak 

1000 

1000 

1000 

power, W 

Time bandwidth product 

634 

182 

364 

Polarization 

HH 

HH 

HH 

Antenna 

Dimensions, m 

10.74 X 2.16 

9.4 X 2.16 

10.74 X 2.16 

Look angle, deg 

20 *3, fixed 

47 ±3, fixed 

1 5--60, mechanically 

Incidence angle, deg 

23 ± 3 

50 ±3 

steerable 
(15-64) ±3 

Swathwidth, km 

100 

50 

20-50 

Resolution, m 

25 x 25 

40 X 40 

25 x (17-58) 

(azimuth x range) 

Data 

Recording 

ground station: 

onboard: optical 

onboard: optical 

Signal processing 

digital 

optical and digital 

optical 

and digital 
TDRS: digital 
optical and digital 

Looks 

4 

6 

4 

Digital data rate 

110 Mbps 

- 

30 and 46 Mbps 

Volume, h 

(A/D on ground) 
42 (digital) 

8 (optical) 

(A/D onboard) 
7 (digital) 

Coverage 

100 

10 

6.5 

(million knr) 
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Table 2. SJR-B Science Taam member * and ttMlr jnveeBgcttoni 


Name and affiliation 

Investigation 

C. Elachi, S1R-B Team Leader and Principal Investigator 
Jet Propulsion Laboratory, 

California Institute of Technology 
Pasadena, California 


T. Allan 

Institute of Oceanographic Sciences 
Surrey, United Kingdom 

"The Interpretation of SIR-B Imagery of Surface Waves and Other Ocean- 
ographic Features Using In-Situ, Meteorological Satellite, and Infrared 
Satellite Data" 

W. Alpers 

Max-Planck-lnstitut and Universitiit Hamburg 
Federal Republic of Germany 

"SAR Imaging Mechanisms of Ocean Surface Waves” 

E. P. W. Attema 

Delft University of Technology 
Delft, Netherlands 

“ROVE Calibration and Inverse Scattering Experiment" 

R. C. Beal 

The Johns Hopkins Applied Physics Laboratory 
Laurel, Maryland 

“The Spatial Evolution of the Directional Wave Spectrum in the Southern 
Ocean: Its Relation to Extreme Waves in the Agulhas Current" 

G. L. Berlin 

U.S. Geological Survey 
Flagstaff, Arizona 

“Application of SIR-B Data for Groundwater Exploration in the Arabian 
Shield and Sand-Drift Monitoring in the An Nafud and Al Jafurah Fringe 
Areas, Kingdom of Saudi Arabia” 

A. L. Bloom 

Cornell University 
Ithaca, New York 

"Tectonic, Volcanic, and Climatic Geomorphology Study of the Sierras 
Pampeanas Andes, Northwestern Argentina" 

M. L. Bryan 

Jet Propulsion Laboratory 
Pasadena, California 

“Deforestation, Floodpla.n Dynamics, and Carbon Biogeochemistry in the 
Amazon Basin” 

N. L. Bryans 

Defence Research Centre Salisbury 
Adelaide, Australia 

“Investigations Involving Corner-Reflector Arrays, Signal Processing, and 
Oceanographic Studies” 

F. Carsey 

Jet Propulsion Laboratory 
Pasadena, California 

“Southern Ocean Sea-Ice Morphology and Kinematics” 

M. A. Collins 

Department of Scientific and Industrial Research 
Lower Hutt, New Zealand 

“New Zealand SIR-B Science Investigations" 


9 



Tab** 2 (contd) 


Name and affiliation 


Investigation 


T. H. Dixon 

Jet Propulsion Laboratory 
Pasadena, California 

T. G. Farr 

Jet Propulsion Laboratory 
Pasadena, California 

i. P. Ford 

Jet Propulsion Laboratory 
Pasadena, California 

N. Fugono 

Radio Research Laboratories 
Tokyo, Japan 

D. Garofak) 

Earth Satellite Corporation 
Chevy Chase, Maryland 

R. M. Goldstein 

Jet Propulsion Laboratory 

Pasadena, California 

A. L. Gray 

Canada Centre for Remote Sensing 
Ottawa, Canada 

J. W. Head III 

Brown University 
Providence, Rhode Island 

D. N. Held 

Jet Propulsion Laboratory 
Pasadena, California 

R. M. Hoffer 
Purdue University 
West Lafayette, Indiana 

F. R. Honey 

Commonwealth Scientific and Industrial Research 
Organization 
Wembley, Australia 


“SIR-B Analysis of the Precambrian Shield of Sudan and Egypt: Penetra- 
tion Studies and Subsurface Mapping" 


“Quantitative Use of Multiincidence-Angle SAR for Geologic Mapping" 


“Geologic Mapping of Indonesian Rain Forest With Analysis of Multiple 
SIR-B Incidence Angles" 


“Remote Sensing of Rice Fields and Sea Pollution by SIR-B" 


“Evaluation of SIR-B Data for Identifying Rainfall Event Occurrence and 
Intensity" 


“SIR-B Interferometric Topography” 


“Use of SIR-B Multiincidence-Angle Imagery to Study Iceberg Detectabil- 
ity and Offshore Ocean Feature Extraction" 


“Geological, Structural, and GcomorphologicaJ Analyses From SIR-B” 


“Amplitude Calibration Experiment for SIR-B” 


"Microwave and Optical Remote Sensing of Forest Vegetation” 


“Evaluation of SIR-B Imagery for Geologic and Geomorphic Mapping, 
Hydrology, and Oceanography in Australia” 



TaM* 2 (contd) 


Name and affiliation 

Investigation 

M. L. Imhoff 

Goddard Space Flight Center 
Greenbeit, Maryland 

“The Use of Digital Spaceborne SAR Data for the Delineation of Surface 
Features Indicative of Malaria Vector Breeding Habits" 

W. H. Johnson 
University of Illinois 
Urbana, Illinois 

“Interlobate Comparison of Glacial-Depositional Style as Evidenced by 
Small-Relief Glacial Landscape Features in Illinois, Indiana, and Ohio, 
Utilizing S1R-B” 

V. H. Kaupp 
University of Arkansas 
Fayetteville, Arkansas 

“Evaluation of the L-Band Scattering Characteristics of Volcanic Terrain 
in Aid of Lithologic Identification, Assessment of SIR-B Calibration, and 
Development of Planetary Geomorphic Analogs” 

G. E. Keyte 

Royal Aircraft Establishment 
Farnborough, United Kingdom 

“The Investigation of Selected Oceanographic Applications of Spaceborne 
Synthetic-Aperture Radar” 

M. Kobrick 

Jet Propulsion Laboratory 
Pasadena, California 

“SIR-B Cartography and Stereo Topographic Mapping” 

B. N. Koopmans 

International Institute for Aerial Survey and Earth Sciences 
Enschede, Netherlands 

“Monitoring of the Tidal Dynamics of the Dutch Waddensea by SIR-B” 

P. D. Lowman, Jr. 

Goddard Space Flight Center 
Greenbeit, Maryland 

“Structural Investigation of the Canadian Shield by Orbital Radar and 
Land sat” 

“Structural Investigation of the Grenville Province by Radar and Other 
Imaging and Nonimaging Sensors” 

R.K. Moore 

University of Kansas Center for Research, Inc. 
Lawrence, Kansas 

“Studies of Coastal Mesoscale Winds Using SIR-B” 

“Information for Space-Radar Designers: Required Dynamic Range vs 
Resolution and Antenna Calibration Using the Amazon Rain Forest” 

J. F. Paris 

Jet Propulsion Laboratory 
Pasadena, California 

“Development and Evaluation of Techniques for Using Combined Micro- 
wave and Optical Image Data for Vegetation Studies” 

J.T.Parr 

The Analytic Sciences Corporation 
Reading, Massachusetts 

“Investigation of SIR-B Images for Lithologic Mapping” 

H. K. Ramapriyan 

Goddard Space Flight Center 
Greenbeit, Maryland 

“Automatic Terrain Elevation Mapping and Registration" 
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Name and affiliation 


J. A. Richarda 

University of New South Wales 
Kensington, Australia 


G. G. Scfcaber 
U.S. Geological Survey 
Flagstaff, Arizona 

A. J. Sieber 

Deutsche Forschungs- und Versuchsanstalt fur Luft- und 
Raumfahrt 

Federal Republic of Germany 

D. S. Simone tt 
University of California 
Santa Barbara, California 

E. P. Szuazczewicz 

Naval Research Laboratory 
Washington, D.C. 

I. V. Taianik 
Universi./ of Nevada 
Reno, Nevada 

M. N. Tokaoz 

Massachusetts Institute of Technology 
Cambridge, Massachusetts 

F. l.Ulaby 

University of Kansas Center for Research, Inc. 

Lawrence, Kansas 

t. Ulriksen 

Lund University of Technology 
Lund, Sweden 

J. R. Wang 

Goddard Space Flight Center 
Greenbelt, Maryland 

R. S. Winokur 
Office of Naval Research 
Arlington, Virginia 
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2 (contd) 


Investigation 

“Australian Multiexperimental Assessment of SIR-B (AMAS)” 


“Application and Calibration of the Subsurface Mapping Capability of 
SIR-B in Desert Regions’* 

“German Radar Observation Shuttle Experiment (ROSE)” 


“The Extension of an Invertible Coniferous Forest Canopy Reflectance 
Model Using SIR-B and Landsat Data" 

“An Investigation of Ionospheric Irregularity Effects on SIR-B Image 
Processing and Information Extraction" 

“Analysis of SIR-B Radar Illumination Geometry for Depth of Penetration 
and Surface Feature and Vegetation Detection, Nevada and California” 

“Delineation of Major Geologic Structures in Turkey Using SIR-B Data” 


“Evaluation of the Radar Response to Land Surfaces and Volumes: 
Examination of Theoretical Models, Target Statistics, and Applications” 

“Ground Truth for SIR-B Images Obtained by SIR System 8 Impulse 
Radar” 


“Remote Sensing of Soil Moisture" 


SAR Internal Wave Signature Experiment 



III. Interpretation of SIR-B Images 


The SIR-B images in this atlas are accompanied by interpretive informa- 
tion that includes sketch maps, diagrams, corresponding images, photographs, 
and text. In many cases, SIR-B investigators, coinvestigators, and other 
researchers have verified the interpretation of the images with on-site field 
studies undertaken before, during, or after the mission. The geographic 
locations of the scenes are shown in Figure 6. The images are grouped under 
“Nonrenewable Resources,” “Renewable Resources,” and “Oceanography.” 


A glossary of technical terms and acronyms relative to the content of this 
atlas is given in Appendix A. With few exceptions, the SIR-B image of each 
scene is placed to the left of a corresponding illustration, and oriented so the 
radar illumination direction is from top to bottom. In this fashion, shadows 
on the images fall toward the observer and topography does not appear 
inverted. Serial numbers or other image-identification labels are provided in 
the “Index of Images” (Appendix B). 
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A. Nonrenewable Resources 


Experiments were designed to assess the capability of multiple-incidence- 
angle SAK data for lithologic mapping and delineating geologic boundaries 
of various types. The ability of SIR-B to image targets at different incidence 
angles on successive days was ideal for a stereo-mapping experiment. Quantify- 
ing radar signatures as a function of imaging geometry is of particular interest 
for geologic mapping in tropical rain forests and for understanding radar 
penetration relative to surface aridity 


The SIR-B images in this section were obtained at incidence angles from 
26 deg to 64 deg. They cover a variety of geologic terrains and environments 
and provide an opportunity to compare radar backscatter from different 
surfaces. 
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(i) Folded and Layered Structures 
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This scene in Central Kalimantan covers the eastern portion of a 
remote interior plateau and adjacent segments of the Mahakam River 
valley. The region is densely forested, sparsely inhabited, and largely 
unmapped. The mean annual rainfall exceeds 4000 mm. Because of the 
perennial cloud cover, it has not been possible to obtain photographs or 
optical images for mapping. 

The plateau is flanked to the north and east by the Mahakam River 
and to the southeast by the Ratah River. The surface of the plateau, 
however, is drained to the southwest by the Murung River and its tribu- 
taries, which eventually join the waters of the great Barito River in Central 
Kalimantan. 

The east margin of the plateau extends for 55 km along a steep 
escarpment from Mr. Batuatau (J4) at about 1650 m to Mt. Tukankole 
(C4) at about 1000 m elevation. The relief from the north margin of the 
plateau to the Mahakam River at H5 is approximately 1200 m; relief data 
for the plateau in general are poorly known, however. Smaller escarp- 
ments at higher levels on the plateau are seen from D2 to D4 and from F2 
to F3. 

The plateau is underlain by Paleogene clastic sedimentary rocks 
deposited in the Upper Mahakam Basin. Despite very thick forest cover, 
the dip and strike of the layered rocks beneath the plateau are readily 
perceived. The dark band along the escarpment from C4 to J4 is a radar 
shadow cast by thick, extremely steep-sided rim rock. Alternating dark- 
and light-gray bands in the canyons along the north margin of the plateau 
from HI to H4 represent erosion surfaces at different angles of repose- 
the result of differential resistance of the underlying rocks. The dark 
bands represent steep slopes formed of the more resistant rocks. The 
lighter bands denote more gentle slopes formed by weaker rocks. 

The outlines of dip slopes and the attitudes of antidip slopes at the 
southeast margin of the plateau (C3 to C4) reveal a pattern of broadly 
symmetrical synclines and anticlines. The folds show divergent axes that 
radiate from the vicinity of Mount Tukankole. The axis of the syncline 
through the plateau plunges to the southwest and extends considerably 
beyond the limits of this scene. 

The plateau is located between Neogene volcanic terrains in the 
Mahakam River valley to the north (K1 to K5), and the Ratah River valley 
to the south, several kilometers beyond the margin of this scene. Each of 
the volcanic terrains is characterized by numerous small, closely spaced 
cones. Alluvial gold, presumably derived from the volcanic rocks, is 
produced in the Mahakam River valley at Longpahangai, beyond the 
image margin at K4. 
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2, Dead Sea Rift Zone, Southern Israel 



The Dead Sea Rift Zone forms a long linear trough that extends 
from the Red Sea to Turkey. Its linearity and depth (the bottom of the 
Dead Sea is 1302 feet below sea level) result from north- and north- 
east-trending transform faults. These faults accommodate the relative 
movements and rotations of the Arabian Plate and the microplates of 
Sinai and the t* stern Mediterranean. Relations between the rift zone, 
the present suture ot the Red Sea. and the Late Precembrian suture line 
of northeast Sudan are shown on the regional sketch map. Recent 
geodynamtc studies suggest that Precambrian sutures, such as that in 
northeast Sudan (Image 7). were the antecedents of transform faults 
that controlled the fragmentation of the Nubian/Arabian Shield and the 
opening of the Red Sea. It is perhaps significant that this suture in Sudan 
parallels the Dead Sea Rift Zone. 

The sketch map drawn from the SIR 8 image show s the transform 
faults that appear on the image in A1, from A2 to 81. and from C3 to Hi. 
Complementary east-northeast-striking faults of the "Riedel-Shear" type 
transect the folded platform sediments and form steep scarps— the 
result of differential uplift. Such a scarp is pronounced on the image from 


F2 to K3 The eroded dome at G2/H2 clearly shov. the dip and strike of 
beoding structures. Both the dome and the associated basin to the 
northwest (dark on the image from G3 to J3) are elongated parallel to the 
fault scarp. 

Most of the area covered by the SIR-B image is underlain by 
limestone and sandy limestone of Upper Cretaceous and Paleocene 
age. Older rocks are exposed in the eroded dome (G2/H2) and younger 
fine-grained Neogene terrigenous debris fills the basin at G3 to J3. A 
small area of karst is visible in K3. The rock types are obscured by strong 
dissection at the steep margins of the rift zone. Terraces are evident at 
the margin of the Dead Sea (for example from A2 through B3/C3). The 
southern part of the Dead Sea has been dammed, and large evaporation 
pans in the area from C2/D2 to Cl through FI have been established to 
produce potash-rich salts. 

(The caption, figure, and sketch map were adapted from informa- 
tion provided by courtesy of Dr. Geoff Lawrence, Hun*irig Geology and 
Geophysics, Ltd.) 
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HI and from Fi to H2 fn this area the mountains display pronounced near the town of Chiriaco, just i 

southwest -facing scarps with dip slopes inclined to the northeast and interest. It is from this locality tl 

east. A similar orientation of scarps and dip slopes is seen in the moun- Francisco de Orellana emba 
tains from A2 to B2. Fault traces are evident between the base of the discover the Amazon in 1541 


near the town of Chiriaco, just off the image. The route is also of historical 
interest. It is from this locality that the Spanish explorer and conquistador 
Francisco de Orellana embarked on the first successful river trip to 
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„ Pre Cambrian Fold Mountains, Brazil and Colombia 



The Amazon Shield in South America is a complex of granite, 
gne s, migmatite, and . ther metamorphic rocks that have undergone 
several cycles of intense tectonic deiormation in early Precambnan 
( Archean) time In Brazil, these rocks are referred to the Guiana Complex 
(Schobbenhausetai.. IS,. 4). In various localities, the Guiana Complex is 
overlain by sequences of younger Precarrbrian (Proterozoic) meta- 
sedimentary rocks that are folded and locally altered by low-grade meta- 
morphism. 

This SIR-B image covers a portion of the Amazon Shield in north- 
west Brazil and southeast Colombia It displays a block of low fold 
mountains that cc mprises the Serra Caparro (Brazil) from C 1 through E2 
to D3 and a portion of the Serrani'a de Naquen (Colombia) from E3 and 
F2 to 13. The mountains are aligned north-northwest over a distance of 
aboc* 50 km. They 'or m the drainage divide between north-flowing 'ribu 
tarie* of the Rio Guainia (Colombia) and south-flowing tributaries of the 
Rio C liari (Brazil). T. ie north margin of the Serra Tunui' which is a similar 
elongated block of low fold mountains, is shown at A 1 . 


The rocks in the Serra Caparro are sericite- and muscovite-bearing 
quartzites that have been referred to the Tunui'Group of Proterozoic age 
(Pinheiro et al., and references cited therein, 1976). In the Serrama de 
Naquen, the rocks consist of orthoquartzites that are referred to the 
upper part of the Roraima Formation. These rocks form Proterozoic 
erosional remnants believed to lie on a large downfaulted block of the 
Archean basement, which extends northward beyond this scene 
(Huguett et al., and references cited therein, 1979). 

The mountains rise to about 400 m elevation, and probably 300 m 
above t ie level of the surrounding terrain; iittle detail is known about the 
reliei. however The area is remote, inaccessible, and covered with a 
dense heterogeneous forest. At the 35.5-deg ncidence angle used in 
this scene, the geometric compression and tonal saturation of mountain 
slopes that face toward the radar illumination indicate that the slopes f/s 
steep perhaps 30 deg or more As a whole, the outcrop patterns and .he 
attitudes of the bedding planes define a senes of small anticlines tnd 
synclines. The southern part of the Serra Caparro (upper right of C l Hs 


26 



dip and strike 



major fault; arrows denote 
relative movements 



anticlinal <is. with plunge 


synclinal axis 


stream; arrow denotes 
direction of flow 


displaced relative to the northern part (lower right of Cl and following to 
the north) by the northeast-trending Caparro fault (Cl to C3). This is a 
right-lateral strike-slip fault whose linear extension beyond tie mountain 
range is scarcely perceptible because it has low relief and is oriented 
nearly parallel 10 the direction of illumina -xt. 

The forest cover provides a relativt y uniform radar backscatter 
that appears at a monotonous medium gr? throughout most of the level 


areas on the image. Brighter image tones outline portions of the flood- 
plains J some streams, notably on the upper reaches of the Rio 
Memachi (F1/G1 to G2). This probably signifies a change to more open 
forest above standing water on the floodplain. 

(This cp~*'on was adapted from information provided by Mr. Fer- 
nando Pellc.i ue Miranda, of the Petrobras research Center, Rio de 
Janeiro, Brazil.) 
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Heavy rain and flooding occurred immediately prior to the SIR-8 over- 
pass, saturating the surface sands and alluvium, and significantly 
reducing the ooiential for radar signal penetration, The flora of the test 
area is tvpice of that under and conditions; a variety of drought- resistant 
species that ' - ancient dunes and sparsely cover rock outcrops, 

The StR-B imagery of this basin is of special value in mapping 
bedding traces and dip directions, which, in turn, allows mapping of 
several regio al geologic features (figure (a)). Dip directions displayed in 
the image m generally toward the upper right of the image, that is, 
toward the radar antenna. The extensive dip slopes have bright signa- 
tures. and the scarps, which are in the radar shadow, have dark 



The dear expression of topographic characteristics and textural 


eolian sands can be recognized by subtle textural differences that arise 
from variations in surface roughness, and (4) alluvial, which is composer 
of outwash fans derived from clastic rocks; this forrain can be clearly 
distinguished by its high backscatter (bright return) derived from charac- 
teristically rough surfaces. 

A comparison of the maps derived from SIR-8 imagery can be 
made with the published geological map in figure (c) (Ranford et at, 
1968 ) 
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INCIDENCE ANGLE: 41,8 deg 


20 km 


The Pasir Mountains and adjoining coastal lowlands in East Kali- 
mantan are located between the Kutai Basin to the northeast and the 
Barito Basin to the southwest. The maximum elevation in this scene is 
slightly over 1200 m at Mt. Lumut (H3); the mountains are underlain by 
shale, claystone, sandstone, and inteicalated limestone of Oligocene to 
Lower-Miocene age. The rocks are moderately to steeply dipping, with 
fold axes that generally trend northeast-southwest. The outcrop pattern 
and trend of the layered * < s are clearly visible on the radar image from 
Cl to F3. Extensive nents across the mountains (for example, from 
D3 to G3) are probably fauit controlled. Small tnselberys at H 1 /J 1 and at 


the lower margin of G3 suggest discordant relations with the rocks in 
adjacent areas 

Outcrop patterns in the area from J1/K1 to J2/K2 show a tightly 
folded, doubly plunging syncline The northwest margin of this structure 
is offset by normal faulting. While the dip and strike of the rocks have 
been mapped locally in the area, the structure itself had not been 
previously mapped. The pitted texture that appears around the core of 
the structure is characteristic of deeply weathered limestone terrain in 
humid tropical areas. 


30 


tlC-r.Al. PAGE is 

f POOR QUALITY 






Landsat MSS Sand 7 



The region is heavily forested, but the coastal lowlands are being 
progressively cleared for cultivation, as evidenced by regular geometric 
patterns of deforestation; oil palms provide an important cash crop in 
these regions, The lands are being cleared also for the resettlement of 
people from overpopulated areas elsewhere in Indonesia Newly opened 
land appears in relatively dark tones as seen in the vicinity of Semantat 
(B2) and Long Ikis (C3). Longer-established secondary vegetation 
appears in brighter tones in the vicinity of Long Kali (05). The Adang (A4 
to 84), Semantat (A3 to B3), and Kuaro (A 1 to A2) Rivers are flanked by 
estuarine vegetation that yields medium-gray image tones. Mangroves 
in the coastal areas from A3 to AS provide bright image tones. 

Corresponding vegetated areas on the tandsat MSS image, which 
was obtained 14 days after the radar image, appear in inverse tones. The 
mountains on the Landsat image are largely obscured by cumulus 
clouds and their shadows. 


An oil pipeline follows the sinuous route of a highway that connects 
communities on the coastal lowlands (At to C5). Oil is pumped through 
this pipeline from producing fields in Tanjung, 85 km to the southwest, to 
a major refinery at Balikpapan, 50 km to the northeast. 

Access to the interior is limited to a few traits and drainage 
channels, the largest of which is the Telekai River (A1 to H3). A pattern of 
curvilinear drainages extends from J3 to J4 and K3 to K4 

(This caption was prepared from information provided by Prof. 
J Rais of the National Agency for Surveys and Mapping, Cibtnong- 
Bogor. Indonesia, and Dr. R, Sukamto of the Geological Research and 
Development Centre, Bandung, Indonesia, The Landsat MSS image 
was provided by Dr. Wiranfo Arismunandar of the Indonesian National 
Institute tor Aeronautics and Space.) 
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(ii) Linear and Intrusive Structures 
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INCIDENCE ANGLE: 52.1 deg 
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The pronounced arcuate feature from At to J1 on the radar image 
is part of an extensive complex of linear ridges in northeast Sudan. The 
nlges extend southward from this scene for about !50 km along the 
35-deg-east parallel The ridges are believed to trace a major suture line, 
called the ' ! 35-deg-ea$t suture," where ar island arc assemblage of 
volcanic and sedimentary rocks was destroyed during a Late Pre- 
cambrtan plate collision. Relations between this suture line, the present 
suture of the Red Sea, and the Dead Sea Rid Zone are shown on the 
regional sketch map that accompanies Image 2. Recent geodynamic 


studies suggest that (he 3S-deg east suture was an antecedent of faults 
associated with the fragmentation of the Nubian/Arabian Shield and the 
opening of the Red Sea. 

Ultrabasic rock masses are scattered throughout the volcanic- 
sedimentary sequence of the suture. The prominent ridge from F3 to J 1 
is formed from ultrabasic rock that is thought to be part of an ophiolite 
suite. Rllow basalts have beon mapped at F4. The ridge exposures 
appear bright on the radar image because of their roughness relative to 
(tie radar wavelength. On the corresponding Landsat TM image, how- 





ever, the exposures appear very dark because of strong absorption by 
iron-rich material at the near-infrared wavelength (0.76 <o 0.90 pm), 
Alluvial farts associated with the ophioltte and the pillow basalt are clearly 
perceptible on the Landsat imago, though they are not seen on the radar 
image 


mage in the area from J1 to K3, and tr, the subtle circular feature at 
;1/E2. which has an approximate diameter of 10 km. Silica-rich granitic 


Sand in the wadis and on the lowland (for example, B2 to Cl and G4 to 
Jt) is outlined by dark tones on the radar image, and by corresponding 
bright tones on the near-infrared image, tn this scene, the radar image 
expresses small-scale textural differences in the rocks, while the oear-IR 
image provides more compositional information. 


•If 


caption is based were provided by Dr. Geoff Lawrence, Hunting Geology 
and Geophysics Ltd.) 











The Upper Rajang is a remote region of jungle-covered mountains 
separating isolated river basins. Structurally it is dominated by strongly 
folded, steeply dipping rocks that form an alternation of pronounced 
linear ridges and valleys (Kirk, 1957). Most of the vegetation is a hill- 
forest type dominated by species of dipterocarps that grow to a height of 
50 m. Access to the area is difficult. Mapping has been confined mostly 
to the major river channels, which provide the main routes of communi- 
cation; owing to the many rapids, only longboats can be used. 

The SIR-B image covers portions of three distinct structural units in 
central Sarawak: the Rajang Block, the Kemena-Baram fold belt, and 
volcanic mesas. 

In the Rajang Block from A1 to El through G5 to A5, massive 
Eocene sandstone and thick graywacke alternate with weak shale and 
siltstone to form pronounced linear strike ridges and intervening valleys. 
This results in a trellis drainage pattern. Dips range from 65 to 90 deg. 
Relief from the valley floors to the ridge tops ranges from 300 to 500 m. 
Linear transverse valley segments of the Balui River from A2 to B2 and 
tributaries from C3 to D2 are probaby controlled by joints or oblique 
regional faults. The ridges and valleys show a marked change of orienta- 
tion from northeast to almost due east in the area from E3 to F5. 

Less-deformed Oligocene to Miocene carbonate and clastic rocks 
in the Kemena-Baram fold belt extend from G1 and HI through J2to J5 
and G5. Bedding traces and outcrop patterns on the radar image show 
the outlines of several open fold structures in the area. The divergence of 
the fold axes from the area at G4/H4 and the proximity of the sharp 
change in strike of the adjacent linear ridges in the Rajang Block indicate 
extensive large-scale deformation in this locality. 

Flat-lying to gently dipping Quaternary volcanic rocks form mesas, 
which lie above the level of the linear ridges in the Rajang Block. The 
mesas have strongly dissected margins with precipitous cliffs and deep 
marginal embayments. Examples are at A3 to A4, where the steep 
slopes that face toward the radar illumination appear as very bright thin 
lines and those that face away from it are very dark, and at B1/C1 . The 
elevation of these mesas is about 800 m. 

Alluvial deposits in relatively level valley lowlands are swampy. 
They appear in monotonous gray tones from J1 and K1 to K2, and in a 
narrow zone from FI to G5. 

(This caption was prepared from material provided by Mr. C. H. 
Kho and Mr. S. P. Chen of the Geological Survey of Malaysia, Sarawak, 
Malaysia.) 
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(iii) Volcanic and Impact Terrain 
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ed by SIR-B over southeastern Hawaii at mci- 
and 48 deg The summit and Southwest Rift 

ro 
ar 


to a very low vegetation density in the area. Rainfall and vegetation 
density increase sharply to the north and east of Kilauea Crater, 


era! historic lava flows from Kilauea and Mauna Loa volcanoes, it is an 
ideal site for a test of the radar data's ability to discriminate and identify 
lava flows of different type and age. 

Surface materials In the Kau Desert consist predominantly of atrial! 
deposits and relatively young basaltic lava flows. The two main types of 
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show up as bright areas; the l-shaped flow from G2 to H2 is an example. 
Smoother pahoehoe lava flows make up ranch of the darker surface of 
the Kau Desert. 

Individual pahoehoe flows are not as easy to distinguish as aa 
flows. Through detailed analysis of the dual-incidence angle data, how- 
ever. it has been possible to map different age ranges of pahoehoe and 
aa flows in the Kau Desert. This is a result of the smoothing effect of 
weathering processes, which tend to decrease the radar brightness of a 
surface with increasing age. 

The summit of Ktlauea is characterized by a collapsed caldera 
within which lies a smaller pit crater named Halemaumau (left side of J2). 
A line of smaller pit craters called the Chain of Craters extends southeast 
from Ktlauea (left of center, J2 and J3| along the boundary between the 
desert and vegetated areas. Another large pit crater. Ktlauea Ikt, is the 
dark spot at the east rim of Kilauea Crater (lower right, J2). Most of the 
eruptions within Kilauea Crater produced smooth pahoehoe flows, caus- 
ing the interior of the caldera to appear dark in the radar images. An 
exception to this is the bright tone of the deposits from an explosive 
eruption in 1924 that surround the north and east sides of Halemaumau. 


These deposits consist of sandy ash and numerous boulders up to 2 m in 
size. 

t he image acquired at the 28-deg incidence angle was used to 
gene, ate the false color image, which emphasizes orighfness differ- 
ences between ash-covered surfaces, different types of lava flows, and 
vegetation. The image was constructed by separating the blach-and 
white image into three components based on brightness, after which 
each component was filtered to emphasize different size ranges of 
features. Finally, the three components were recombined as colors; red 
was used for the darkest component, green for the next darkest, and blue 
for brightest. Thus, red represents the lowest radar backscatter, and 
green and turquoise the intermediate backscatter; the highest back- 
scatter is shown in yellow. Geologically, red indicates areas of smooth 
ash cover, dark green areas of smooth pahoehoe lava, light green 
areas of rough aa lava, and turquoise blue and yellow represent heavy 
vegetation. 

(This caption was prepared from a text provided by Dr. Tom Farr of 
the Jet Propulsion Laboratory and Dr. Verne Kaupp of the University of 
Arkansas.) 
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The possibility of using overlapping radar images tor topoqrapnic 
mapping has intrigued researchers for many years, with the first theo- 
retical contribution appearing as early as 1948 (R*nner) A considerable 
body of literature has since developed on the subject, although most 
work has been limited by the unavailability of radar image data 

The ability of SIR-B to image targets at different incidence angles 


data set was collected over Mount snasia, oamornia, at ineoence 
angles of 29.7 53.8. and 63 8 deg 

Mount Shasta is a volcano of the Cascade chain. Recent results 
inaicafe that 350.000 years ago it may have undergone an explosion 
similar to that of Mount Saint Helens but of vastly greater magnitude, the 
resulting debris created t. ,* Shasta valley to the north (Crande'l et aL 





he 20- view color image as well.) 
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known terrestrial craters are on the North American craton, primary 
crater targets for the SIR-B mission are in Canada, One such crater 
imaged by SIR-B is Charlevoix. The sketch map locates the hills that 
mark the crater rim. Because of its low topography, the crater's center is 
used extensively for agriculture. 

The Charlevoix impact crater is in a locally active seismic area 
parallel to the St. Lawrence River. The seismic activity probably relates 


to failure along normal faults in the Grenville basement; these faults 
antedate the impact event. Although the faults are not directly related to 
the impact, their seismic activity may have increased as a result of an 
increase in crustal weakness that accompanied the impact. 

(This caption is an adaptation of technical information provided by 
Dr. James Head III of Brown University.) 
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A set of overlapping Hasselblad photographs taken with a 250-mm 
lens by the crew on Flight 41-G over the Attiplano region of Bolivia 
provides a synoptic setting for this SIR-B image. The cold, dry plateau 
was characteristically nearly barren of vegetation and snow cover during 
the SIR-B flight, which provided ideal conditions for photographic and 
radar imaging of this remote area. 

The Attiplano varies in elevation from about 3.7 km above sea level 
on most basin floors to volcanic peaks more than 6.5 km above sea level. 
For the past 25 million years, this region has undergone intense volcanic 
activity that is related to the subduction of the Nazca plate along the 
Peru -Chile trench (Jordan et al., 1983). Much of the surface is covered 
with dadtic-to-rhyolitic tgnimbrites (pyroclastic flow deposits) and ande- 
sitic stratovoicanoes, some historically active (Baker and Francis, 1 978). 

The ignimbrite sheets of the Attiplano are notably bright on the 
SIR-B radar images, the result of very strong backscatter of the radar 
beam. This distinctively strong backscatter is probably attributable to the 


rough surface of the ignimbrites at two different scales of centimeters 
and hundreds of meters. The smaller-scale contribution to the back- 
scatter is due to surface roughness that is a fraction of the radar wave- 
length (greater than about 4 cm for the 23.5-cm L-band radar). At the 
larger scale, straight parallel quebradas (gullies) appear to dissect the 
ignimbrite sheets. 

These quebradas have a regional southeast trend (nearly perpen- 
dicular to the radar beam) ; their steep wails provide surface facets facing 
toward and away from the radar beam, and for this reason they appear 
on SIR-B images as pairs of parallel very bright and dark lines. The 
quebradas are 30 to 200 m apart and range in depth from a few meters to 
over 30 m. 

(This caption was adapted from information provided by Mr. Eric J. 
Fielding, Mr. William J. Knox, Jr., and Dr. Arthur L. Bloom of Cornell 
University, Ithaca, New York.) 
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(iv) Alluvial Fans and Dissected Plateau 



dark on the radar image {for example 


bedding and variability in the extent of fluvial 


rnents. Local wadi sands, which appear dark on the image, boar sufft- 


displayed as litnologies on the accompanying sketch map 


Flat lying outcrops of alternating shale and limestone in the area cient water to supp'y the oasis at At Hariq (H2), 


west of Al Hariq (J3/K3 to J4/K4) exhibit distinctive convoluted scarps. The linear feature that extends from B2 to C3 is possibly tectonic in 


The adjacent massive limestone that appears in a band from G4 through origin , 


HI to K2 forms prominent high scarps and flat plateau tops. 


'his caption is based on a technical analysis by Dr. Geoff Law- 


Overlying beds of soft Nr. estone display a distinct and intensive rence, Hunting Geology and Geophysics, Ltd., who also provided the 


drainage network. These beds form a characteristically tow scarp with a sketch map.} 
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the image because its trend is nearly norma’ to the direction of radar 
illumination. The linear feature in El is the Lee Canyon Thrust, TMs 
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(v) Eolian Features 
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15. Wind-Eroded Sandstones, Borkow Province, Northern Chad 


INCIDENCE ANGLE: 52.3 deg 


0 1 i I i i 20 km 


PaieozQ'c sedimentary rocks at the rim of the Koufra Basin in Libya 
have been peneptained and sculptured by the wind for thousands of 
years. In this scene south of the Libyan Desert and east of the Tibesti 
Mountains, the bedrock of Devonian sandstones shows varying 
resistance to erosion. Different image textures indicate the presence of 
four sandstone units whose boundaries are marked by bedding scarps. 
Unit 1 (see sketch map) is the most resistant though it is deeply 
dissected. If is characterized by moderate relief (for example from A2 to 
A4) and by a pronounced scarp from B2 to Cl and from D1 through 
D2/E2 to El . Units 2 and 3 show low to very low relief, and limited areas 
J outcrop. Unit 4 shows a limited outcrop at J3/J4. The strike of the 
sandstone units is across the image in the range direction: from the top 
\near range) to the bottom (far range): the dip is gentle toward the north. 
This structure results from the relative tectonic stability of the underlying 
Precambrian craton A subtle linear feature that extends across the strike 


from A4/B4 to D2/E2 probably represents a fault trace. Ancient dramaae 
channels in the area suggest the existence of a former wetter climate in 
this and region. A patchy veneer of thin sand appears in dark tones on the 
image. 

The extensive dark linear streaks that are nearly normal to the 
strike of the bedrock units are gullies formed in response to a lengthy 
period of wind erosion. Strong persistent winds blow to the southwest 
and south-southwest from the giant sand seas in the Libyan Desert. 
Sand deposited on the floors of the gullies is nonreflective at the rela- 
tively high radar incidence angle of this scene. Brighter tones on the 
image indicate stronger radar backscatter from the rougher surfaces of 
the outcropping bedrock. 

(The caption and sketch map were prepared from technical infor- 
mation provided by Dr, Geoff Lawrence, Hunting Geology and Geo- 
physics, Ltd.). 
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17. H*xi Corridor, Gansu Province, China 


INCIDENCE ANGLE: 25.8 deg 


20 km 


Tlie Hexi Corridor in central China is a series of valleys that 
separate the Qilian Mountain Range to the southwest from the Tengger 
Oesert to the northeast. Oases along the Hexi Corridor formed important 
stops on the ancient Silk- Road trading route between China and the 
West. The village of Huang Y ang/hen lies on the road between Wu Wei 
35 km to the northwest, and Lanzhou, 190 km to the southeast. The 
corridor is clearly demarcated on the image by linear patterns of settle- 
ment and cultivation in the area from Cl to FI through C4»o F4 A circular 
pattern of cultivation about V* kn, in diameter is present in the lower left 
portion of D3. The present routes through the corridor that appear cn the 
image include a single-track railroad from D1 to D4 and a roadway from 
E4 to FI. Channels of intermittent streams from the Qilian Mountains 
traverse the corridor area. 

The Qilian Mountain Range is composed predominantly of Paleo- 
zoic schists and gneisses The mountains extend from the foothills at 
about 2000 m elevation (Ft to F4 through HI to H4) to high peaks at 
about 4000 m (K1 to K4). The image texture shows that the mountains 
are rugged and deeoly dissected. The smooth linear to curvilinear out- 
lines and form of the valleys that extend from G3 to K‘< and from F2 to H 1 
provide dear evidence of former glaciation tn the mountains. Linear 
patterns of cultivation are evident on the floor of the larger valley between 
G2/T 3 and J3. 


The accorT^anying sketch map shows the outlines of a linear 
escarpment and pronounced linear features in the foothills that are 
probably fault controlled. The finely textured area in the foothills from G2 
fo H3 through G4 to H4 probably represents a dissected loess surface. 
An abrupt change in the texture of the mountains from J1 and Kl to K3 
denotes the limits of the loess 

The image area from A1 to B1 through A4 to B4 shows a portion of 
the T engger Desert. The surface of the desert in this region is covered by 
large numbers of snail crescentic dunes about 2 to 3 m high and 5 m 
wide at an average elevation of 1 700 m. The lower portions c * ine dunes 
are about 10 to 15 percent vegetated. At the incidence angle of about 
26 deg used in this scene, only the sectors of the small crescentic dunes 
that are normal or nearly normal to the radar illumination show bright 
image tones. The remaining surfaces appear relatively dark and poorly 
defined despite the thin vegetation cover. Consequently, the crescentic 
form or the dunes is not perceived on the radar image. Linear interdunal 
corridors up to 1 km in width appear dark in the area from A 1 to A2 
through B1 to B2. Such areas probably have smooth and relatively 
unvegetated sand-free surfaces. 

{The caption and sketch map were prepared from information 
provided by Dr. Alta Walker of the U.S. Geological Survey.} 
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B. Renewable Resources 


The increased capabilities of SIR-B have allowed better and more useful 
measurements of the Earth's renewable resources. Multiple inc' 'jnce angle 
observation has extended the utility of spaceborne radar data by allowing, for 
the first time, incidence-angle-related parameters to be chaiacteri/ed and their 
impact on image interpretation and classification assessed. The SIR-B images 
in this section were obtained at incidence angles from 21 deg to 59 deg. 


The first efforts to utilise this information are well depicted in the color 
composite images (scenes .14 and 26) where the component of radar back- 
scatter for each incidence angle is assigned a color. This technique allows a 
simple and direct method of qualitatively assessing radar backscatter as a 
function of incidence ang.e. and may well be extended quantitatively when 
calibrated imagery is collet ted on the reflighl of SIR-B. 
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(vi) Hydrology and Drainage Networks 
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INCIDENCE ANGLE: 50 deg 


20 km 


areas of less-derise natural vegetation, The angular outlines of the 
darker areas along the Uneiuxi River (K1 to K3) suggest cultivation 
patterns rather than natural vegetation differences. 

On the right is a corresponding image acquired by SIR-A in Novem- 
ber 1981 , The areal extent of lakes and wetlands is greater in the SIR-B 
image, suggesting a higher water level in October cf 1984 This agrees 
with the expected annual flooding cycle of the Amazon, which reaches a 
low point in late November. Practically no change in the course of the 
river is observed. 


The lack of any significant topographic relief or geometric features 
allows a reasonable comparison of the images, although the look angles 
and illumination directions are slightly different Most notable is the effect 
of increased resolution and dynamic range of the digital SIR-B system 
This is evidenced by the fine forest structure (F3) in the SIR-B scene 
Artifacts of optical processing that appear on the SIR-A image as light- 
toned banding parallel to the illumination direction have been removed 
from the SIR-B image by digital processing. 
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INCIDENCE ANGLE: 45.6 deg 


This area is about 200 km southeast of Dacca and part of tfe 
Ganges-Brahn raputra River delta. The open waters of the Bay of Bengal 
can be seen at K1. 

The area within F4 to HI through Kf to K4 is dominated by the 
uniform medium-gray tones of a Sundarbans mangrove forest reserve 
known as the Sarankhola Range. The dominant tree species of the 
Sundarbans are gewa (Excoecaria agallocba) and sundri (Herietem 
tomes), both evergreen obligatory halophytes that grow in mixed stands. 
Gewa is a soft wood used for paper-pulp production, and sundri is a 
valuable hardwood used in construction. The Sundarbans is also one of 


the world's largest Bengal tiger preserves, where the cats account for 
200 fatalities each year. 

Characteristic of the tidally influenced river morphology are the 
angular inside bends and smooth outside bends ai elbows in the rivers. 
They are seen on the Baleswar River at B4 and on its tributaries at 
F3/G3, G2, and K2. Bright areas visible at G2, K2, and K3 correspond to 
ponded water beneath the 12.5-m-high forest canopy, which is 70 to 
100% closed. Because the islands within the delta are surrounded by 
levees, the areal extent of standing water as revealed by the radar 
brightness can be used to map topograpic contours of the islands as they 
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River 


are differentially flooded through the tidal cycle This phenomenon was 
Observed at the three angles of incidence at which data were collected. 
The image shown here was acquired at about 4 a.tfi local time during 
heavy weather. 

Irrigated agricultural land with village and road networks lie within 
At to A4 through G1 to F4. The dark regions typified by areas in D3 and 
Et/Fl are flooded fields of rice. Irrigation takes place in cycles related to 
the tides and monsoons; tidal sluice gates and rainfall are used to 
regulate water levels. Villages such as Bhandaria (A3) and roadways are 
maintained on raised earthen embankments above the nominal mon- 


soon wates ‘ovel. Most of the embankments are planted with shade and 
fruit frees and a profusion of vegetables, which contribute to the bright 
radar returns. Dwellings are mostly mud-walled huts with thatched roofs, 
although soma concrete buildings with metal roofs are prt sent. Popula- 
tion density in this region exceeds 300 persons/km 2 . 

(This caption was adapted from information provided by Dr. Marc 
Irnhoff of *,ne NASA-Goddard Space Flight Center.) 
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20. Mangrove Swamp, Exmouth Gulf, Western Australia 


A|B|C|DjE|F|GjH|J[K 



Nearly 75 percent of the coastlines between latitudes 25 deg north The swamp terminates abruptly against the coastal plain in the 

and 25 deg south are dominated by the many species known collectively area from A 1 /A2 through J1 to H2. The plain is covered with linear sand 

as mangroves. Mangroves are terrestrial plants that have moved back to ridges, which provide bright specular reflections at the 30-deg incidence 

the sea, adapting themselves to life in saline water and mud; they thrive angle used in this scene. Typically, the ndges bifurcate at small angles as 

where few other terrestrial trees can live, and they create an ecosystem seen in H1/J1 Small islands with surface textures sim.lar to that of the 

all their own. In a mangrove swamp, it is difficult to determine where land coastal plain are distributed within the swamp. In addition, the boundary 

ends and water begins The substrate is an ooze -a viscous liquid between the plain and the swamp is marked by broad headlands and 

composed largely of organic matter. narrow embayments, which suggest the position of a former coastline. 

Mangroves are found at intervals along the north coast of Au stralia. Eolian sands encroaching upon this possible former coastline may 

This SIR-B scene covers part of a mangrove swamp that extends north- have provided the sediment necessary for the establishment and sea- 

ward for over 90 km along the east ccast of Exmouth Gulf The man- ward propagation of the mangroves. Alternatively, the mangroves may 

groves provide very bright radar returns from A3 to H3. At the relatively have first established themselves on offshore banks where sufficient 

low incidence angle used in this scene, these very bright returns are sediment was already available, and thereby promoted growth of the 

probably the result of backscatter from the mangrove canopy combined swamp between themselves and the mainland. Whether the mangroves 

with multiple reflections from the watery surface of the ooze beneath it are making nev iand or colonizing available niches, they serve to protect 

They form a distinctive band up to 2 km wide along the coast, following the coast from the winus and waves, and they provide an important 

the numerous channels that wind inward from the gulf. The mangroves habitat for other plant and animal life, 
are flanked on the seaward side by narrow mud flats, which appear black 
on the image, and on the landward side by swamp, which appears dark 
gray. The swamp is about 6 km wide. 
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The active subduct ion of the Pacific plate below the continent of 
Soul/' 1 America is evidenced by mountain building, volcanism, and eP'th- 
quat. «s. Michinmahuida, the volcano shown at El/E 2 in this stereo pair 
of Slf’.-B images, forms part of a chain of volcanoes along the Andes 
Mountains; it rises 2400 m above the surrounding alluvial valleys, which 
are near sea level. 

Michinmahuida has been active in historic times, and in 1960 this 
part of the Chilean coast was the site of an earthquake with the largest 
nagnitude recorded by modem instruments: 9 on the Kanamori scale; 
fault displacements up to 20 m were observed. 

The snow-covered slopes of the volcano appear black because of 
an extremely low radar retu. n. The snow probably absorbed most of the 
radiated signal. 

Mountain glaciers radiate from the circular crater (E 1 ) at the peak of 
Michinmahuida. A notable example appears in the lower left of El : the 


valley sides are characteristically steep and curvilinear, and a bright 
convex ridge marks the terminus of the glacier. Valleys to the north and 
ea at have been carved by a large continental ice sheet that covered the 
area in Pleistocene time. The linearity of the valleys suggests that their 
locations are controlled by faults. 

These features can be more readily viewed on the images with a 
standard field stereoscope. The images were collected at incidence 
angleu of 537 deg and 45.2 deg with same-side illumination. Although 
this stereo convergence ingle of 8.5 deg is relatively small, the steep 
slopes of the volcano and the steep sides of the glaciated valleys are 
quite clear in the three-dimensional perspective. 

(This caption was prepared from information provided by Mr. Eric 
Fielding of Cornell University.) 
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drained. Tupelo, gum, cypress, and Atlantic white cedar are the dome network of canals and the 'and converted to agricultural use (Kr 






B3)~ crops of mostly corn and soybeans. A portion of the Intracoastal A significant darkening is observed along the north shores of 

Waterway connecting the Pasquotank River and the James River in Albemarle Sound and other rivers (for example, A1.D1, El ,G1. and G3). 

Virginia can be seen at A3/A4. The bright linear return from D3 to F3 is Apparently this is a wind shadowing effect. The rougher, open water 

the railway connecting Hertford and Edenton. The railway bridge cross- produces a brighter return than the protected downwind coastline, 
ing Albemarle Sound is clearly visible at G2 but the automobile crossing (This caption was prepared from information provided by 

to the east is not, perhaps due to differing constructions or orientation. Heather M. Cheshire of the North Carolina State University.) 
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INCIDENCE ANGLE: 28.4 deg 




INCIDENCE ANGLE: 58.2 deg 


Ocean Pond (F6), Palestine Lake (H3/H4), Swift Creek Pond 
(F1/F2), and Lake Butler (J1) are prominent features in this image of a 
forested area in northern Florida, 65 km west of Jacksonville. The terrain 
is flat with a mean elevation of 45 m. Mostly sandy soils overlay weather- 
ing limestone to produce the characteristic circular sinkhole lakes. Inter- 
state Highway 10 crosses from A1 to E6 generally in parallel with a 
railroad grade and U.S. Highway 90 from A1 to G6. The much finer linear 
feature to the south extending from A1 to H6 is a power line right of way. 

This color image was produced from the coregistration and com- 
bination of three separate SIR-B images, each acquired at a different 
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incidence angle: the 58.2-deg image was assigned red, the 45.3-deg 
image green, and the 28.4-deg image blue. From this image, the radar 
brightness of an area as a function of incidence angle can be quickly 
assessed. 

Much of the land in this scene is cultivated with plantations of slash 
pine, which appear generally as a uniform muddy green in such areas as 
E4/F4. These stands, managed for paper pulp production, are on a 25- 
to 30-year rotational cycle of harvest. Other areas, many of which are 
part of the Osceola National Forest, contain natural stands of older 
longleaf pine, which appear reddish (for example, B6), and native 


cypress-tupelo in swamps, which provide the bright-blue returns of 
C1/C2, E3/F3, and J2. Many of the dark returns (for example, C2 and 
D4/D5) are recently clear-cut areas and, in some areas (K2 through K5), 
farmland -pastures or newly planted fields. The small spot of pure red in 
A1 (produced by the largest incidence angle of 58.2 deg) was discovered 
to be an ornamental shrub nursery containing thousands of 25-cm-high 
pots of plants. 

The use of multiple-angle imagery to distinguish the surface cover 
under forest canopy is demonstrated by comparing the returns from the 
cypress swamp surrounding Fisher Lake in the lower half of J2. The area 

^ FQUSOv; f 


is very bright in the 28.4-deg image. This small incidence angle allowed 
the radar signal to penetrate the partially open canopy; from there it was 
reflected by the standing water beneath the trees and scattered back to 
the sensor. At the angle of 58.2 deg, there is no distinction between the 
swamp and the surrounding slash pine stands; the incidence angle is too 
large to allow the signal to penetrate the canopy and reach the surface. 

(This caption was prepared from information provided by Prof. 
R. M. Hoffer of Purdue University.) 
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25. Shillong Plateau, India, and Sylhet Uplands and Lowlands, Bangladesh 


o < 



INCIDENCE ANGLE: 25.8 deg 


The Shillong Plateau in the Assam region of India is composed of 
Tertiary and Quaternary sandstones, siltstones, shales, and conglom- 
erates that overlie Precambrian granite and gneiss. A portion of the 
plateau is shown in the image from A1 to B1 through A4 to C4. The 
plateau rises to an average elevation of about 1400 m, and it is deeply 
dissected by ravines that are dominantly fault controlled. Local relief 
reaches 800 m. 

The mean annual rainfall exceeds 5000 mm, the plateau surface is 
largely covered with scrub and grass, and the area as a whole is under- 
going regional subsidence owing to tectonic movements of the Indian 
subcontinent. These conditions combine to produce serious seasonal 
flooding in the Sylhet lowlands to the south. 

The Sylhet uplands and lowlands in Bangladesh occupy the re- 
mainder of the image. The Surma River forms the major drainage of this 
area, and it is fed by sediment-laden runoff from the adjacent Shillong 
Plateau. In common with other drainages in the area, it tends to overflow 
and flood the adjacent countryside. Small earthen levees along the 
banks of the river provide bright radar responses on the image. The 
lowlands are characterized by a widespread distribution of lakes, some 


of which are permanent, and many of which are seasonal. During the 
monsoon season — at which time this image was obtained — the lakes 
are used to grow deep-water rice, jute, and water hyacinth. 

A succession of plunging fold structures gives rise to uplands such 
as the Cherragong, which rise about 80 m above the surrounding coun- 
try. Such areas support a natural cover of mixed deciduous trees and 
they are used for large tea plantations. This contrasted land usage 
results in distinctively different image texture in the area extending from 
El to G2. 

The town of Sylhet is the largest settlement in the area. It is a major 
center for the production of tea, rice, cattle, and some jute. Numerous 
villages built on embankments for protection against flooding appear 
very bright on the image. A network of roads and other transportation 
routes is readily perceived from the bright linear trends in the lowlands. 
Many of the routeways are built on embankments and locally flanked by 
habitations. 

(The caption was adapted from information provided by Dr. Marc 
Imhoff of the NASA-Goddard Space Flight Center.) 
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These four images are a portion of a descending multiple-inci- 
dence-angle data set acquired by SIR-6 near the border between Argen- 
tina and Chile, just east of the Andes Mountains. The prominent features 
(see map) are the Valle Fno and Cordon la Grasa, a lower elevation 
mountain, the peak of which was snow covered at the time of the SIR-B 
mission. 

The vegetation is transitional from the closed forests of the Andes 
to the dry grasslands of central Argentina; this transition zone is a 
complex mosaic of several deciduous and evergreen forest communi- 
ties, grasslands, semiarid steppe associations, prairies, and bogs. The 
vegetation types in this area of coincident coverage are governed pri- 
marily by elevation and rainfall. 

The vegetation community at the highest elevation is a deciduous 
forest of lenga ( Nothofagus pumilio) (Brandani et at., 1984). These trees 
have horizontal branches that radiate from the trunk at several distinct 
levels. The trees had shed their leaves by the time of the SIR-B mission. 
Below the canopy, dead trees and branches accumulated over years 
litter the ground. 

The lower-elevation forest community west of Cordon la Grasa 
extends to the Valle Fno; it is a mixed forest composed primarily of nire 
( Nothofagus antarctica). In general, Sire is shorter than lenga, and it has 
a more random branch structure; during the mission, it had no leaves. To 
the south and east of Cordon la Grasa, the vegetation community is also 
nire, but with a different structure and mixture of other tree species. 

The intensity of the four SIR-B it nages is relatively uniform except in 
the region of the high-elevation lenga forest. This forest is readily dis- 


tinguished from the adjacent lower-elevation forests in the low- and 
medium-incidence-angle images; however, in the highest-incidence- 
angle image, the distinction is minimal. This may be due to a strong, 
horizontally polarized signal retim from the dead trees and branches on 
the ground. At the highest incidence angle, the radar loses its ability to 
penetrate the canopy. 

The color composite of the images obtained at incidence angles of 
33.0 deg (blue), 53.7 deg (green), and 59 1 deg (red) shows the 
high-elevation lenga forest displayed in blue. This indicates stronger 
returns at the lower incidence angle, as expected. The Are forest to the 
south and east is displayed in darker blue-green, which indicates a 
relatively equal back scatter at the low and medium inckJer.ce angles, 
both of which produce backscatter stronger than the backscatter at the 
highest incidence angle. The nire forest on the west slope? of Cordon la 
Grasa is displayed mostly in red, indicating stronger returns at the higher 
incidence angles. A more subtle structural difference in the two nire 
canopies results in two significantly different backscatter curves. 

Although relative brightness could be modified by variations in the 
radar transmitted power, the color-composite image indicates a strong 
variation in brightness as a function of incidence angle for the high- 
elevation lenga forest and the lower-elevation nire forests 

(This caption was adapted from information provided by Or. Aldo 
Brandani of the University of Mar del Plata, Mar del Plata, Argentina, and 
Dr. Jorge Rabassa of the University of Comahue, Neuquen, Argentina.) 
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27. Gravel Terrace and Alluvial 


INC1DFNCE ANGLE; 31.6 deg 


0 | jj I §11111 I 20 km 


A striking feature of the Patagonian Desert of southern Argentina is 
the apparent uniformity of the vegetation from west to east. From the 
Andean Pre-Cordiltera eastwau, io the Atlantic Coast the rainfall is 
uniformly low and the environment is very arid. This is conducive to the 
growth of low shrubs and grasses In examining the SIR-B images 
acquired over southern Argentina, it is difficult to account for the strong 
difference in brightness between two topographically smooth vegetated 
surfaces those of a gravel terrace and an alluvial plain 

The gravel terrace at £2 shows the characteristics of a coarse- 
grained surface, Bright dots alternate with dark ones and bright linear 
traces are oriented in a northwest-southeast direction. The ten ace has 
been dissected by the tributaries of the Chubut River, leaving targe 
northwest-southeast oriented ir . -fluvie' areas that are covered by allu- 
vial gravels of diverse compos 


By contrast, the alluvial plain from J1 to Kf through H3 to K3 
appear, as a dark, relatively homogenous surface transected from west 
to east by several bnght linear features. The plain is a typical pampa" - a 
flat unit formed by a continuous deep layer of finer aliuv.al and eoiian 
sediments. 

Major differences between the gravet terrace and the alluvial plain 
seen on the SfR-B image probably result from differences in vegetation. 
The SIR-B image was acquired in springtime (October), when tempera- 
ture and soil moisture encourage active p'ant growth. At this time the 
differences in leaf and stem production among different species of plants 
is greater than at any other period of the year. 

The vegetation on the grave! terrace (figure (a)) is a steppe com- 
munity, It contains 1 .5- to 2 .o shrubs, 0.5- to 1-m shrubs and herbs, and 
a 5- to 50-cm-high herbaceous layer. In general, the branching structure 
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of the shrubs is randomly oriented. Vegetation patchiness in the gravel 
terrace might be a leading cause of the coarse-grained pattern regis- 
tered in the SIR-B image, where bright dots indicate the presence of tall 
shrubs in areas of abundant vegetation, and darker zones correspond to 
sites of the tower two-plant strata. 

Vegetation in the alluvial plain consists of a 1,5-m tall shrub layer 
and a stratum of short (about 50 cm) shrubs and herbs. The branch 
structure of the shrubs is generally vertical (figure (b)). The darker aspect 
and finer grain of the alluvial plain on the sr.-d image is likely the 
consequence of reduced plant cover (more denuded soil directly 


exposed), the lack of tall shrubs, and the morphological structure of the 
plants vertical branching, and small leaves and spines all of which 
diminish radar backscattenng. Additional support for this interpretation is 
the fact that bright lines registered by SIR-B in the alluvial plain corre- 
spond to the locations of riparian vegetation (willows and related species 
in full leaf, 2 to 5 m tall); these areas are in contrast to the extreme aridity 
of the remaining ecosystem 

(This caption was adapted from information provided by Dr. Aldo 
Brandani of the University of Mar del Plata, Mar del Plata, Argentina, and 
Dr. Jorge Rabassa of the University of Comahue, Neuquen, Argentina.) 
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28. Agricultural Development, Sumatra, Indonesia 


INCIDENCE ANGLE: 52.2 deg 


This SIR-B image shows forested terrain from the north slopes of 
the Barisan Mountains (Al to A4), which rise to about 1200 m, to broad 
lowlands (from El to K1 through E4 to K4) at an average elevation of 
about 60 m. The Barisan mountains in the scene consist mostly of 
granites of Carboniferous to Jurassic age (Rosidi et al., 1976) The 
image shows a conjugate set of linear features formed by joints or faults 
in the mountains The lowlands ate underlain by gently dipping clastic 
sedimentary rocks with mteroedded tuffs and pumice of Tertiary and 
Quaternary age (Simandjuntak et al.. 1981). The Hart River (J 1 to J4) 
and such tributaries as the Bungo (Al to F4) and Tebo (El to F4) Rivers 
provide drainage to the southeast. 


From the foothills through the lowlands (D1 to K1 through D4 to K4) 
the image covers part of the Rimbobujang T ransmigration Area Develop- 
ment This is one of numerous areas in the lesser populated parts of 
Indonesia that have been settled and cleared for agricultural develop- 
mert by government sponsored immigrants from more densely popu- 
lated regions. 

Very bright radar returns at various locations along the river banks 
are settlements an example is in the upper portion of Et on the Tebo 
River. Corr* ' ^ .et metal is used extensively for roofing material in 
the town. > The corrugations have a wavelength of about 

7.5 cm. w; . imately one-third of the radar wavelength; small 
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clusters f buildings roofed with this material form bright radar targets. 
The largest settlement is at the junction of the Bungo and the Tebo Rivers 
(F4). This is Muarabungo, the district administrative center. Parallel 
linear rows of bright radar returns in the lowland from F2 to J2 and at 
H3/J3 represent newer settlements in the agricultural development 
area. 

Patterns of forest clearing and agricultural development are out- 
lined in medium gray tones on the SIR-B image. Rice, palm oil, fruit, and 
cloves are the crops. Nipah palms line the banks of the rive-s in swe i.py 
areas. On the corresponding Landsat MSS image in the near-infrared 
wavelength, the cultivated areas are brighter than the uncleared forest. 


Recently cleared land at G3/G4, which shows low radar backscatter on 
the SIR-B image, is strongly reflective on the near-IR image. Areas of 
open wetland adjacent to trie rivers appear dark on both images. 

(This caption was prepared from information provided by Prof. J. 
Rais of the National Agency for Surveys and Mapping, Cibinong-Bogor, 
Indonesia, and by Dr. R. Sukamto, Geological Research and Develop- 
ment Centre, Bandung, Indonesia. The Landsat MSS image was pro- 
vided by Dr. Wiranto Arismunandar of the Indonesian National Institute 
for Aeronautics and Space.) 
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ILLUMINATION f 
INCIDENCE ANGLE: 31.4 deg 


ILLUMINATION | 
I 5 km 


29, Macomb, Illinois, U,S,A, 


Airborne SAR 


The imaged area is a largely agricultural region in Me Donough 
County, west-central Illinois. The city of Macomb (D1 through D2) w : th a 
population of 20,000 is characterized by a medium-gray return with 
scattered specular reflectors, which include some of the larger buildings 
of Western Illinois University at D2 and the County Courthouse in the 
central square of the town. Spring Lake (D4 through ES) is a man-made 
recreational area. The East Fork of the La Moine River (Al through E3) 
runs southwest to the Illinois River It is manifest chiefly because of the 
mottled gray returns of the vegetated river valley; no open water is 
visible. 

The agricultural field pattern in the northern portion of the image is 
generally laid out in a ’/ 2 -mile grid system. Approximately 90% of the 


acreage is evenly divided between corn and soybeans, both of which 
were undergoing active harvest at the time of data acquisition. Unhar- 
vested com fields yielded the brighter returns, harvested com produced 
an intermediate return, and the darkest returns were from soybeans in 
various stages of harvest. The level of backscattered return is, in gen- 
eral, proportional to soil moisture, surface roughness, and vegetation 
biomass. 

Compared here with the SIR-B image, which was collected on 
October 11, 1985, is the same area imaged by the JPL aircraft SAR on 
October 10 and by Landsat TM (band 4) on October 29. Both radar 
images a;e L-band and HH polarized. The SIR-B and TM scenes have 
approximately 30-m resolution; the aircraft image has about 1 1-m reso- 
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Landsat TM Band 4 



lution in the far range. Although the SIR-B image has lower resolution 
and dynamic range than the aircraft data, which were collected at an 
altitude of 10 km, the qualitative identification of features in the two 
images compares very well. Notice the gradation of resolution and image 
tone across the aircraft scene, a result of the change in incidence angle 
from 18 to 54 deg. No such gradation exists in tho SIR-B image because 
of the high altitude of the sensor. Note also the com field (arrow) at O 


which appears bright in the aircraft image but dark a day later on the 
SIR-B image - apparently a result of the harvest. The TM scene shows a 
markedly different field partem, a result of the continuing harvest and 
differing albedos of the surface at infrared wavelengths, 

(This caption was prepared from information provided by Mr. 
M. Craig Dobson of the University of Michigan.) 


91 


ORIGINAL P/Uc 13 
OF POOH QUALITY 




(viii) Urban Areas 


PJttCOHNQ PAGE NOT FRT3> 




30. Montreal, Province of Quebec, Canada 


INCIDENCE ANGLE: 33.4 deg 


Built-up areas between the St. Lawrence River and the Riviere des 
Prairies in the city of Montreal (G1 /Hi to G3/H3) show different levels of 
radar backscatter due mostly to directional effects. City blocks orierted 
normal to the radar illumination (parallel to the flight path) appear very 
bright (G2/H2). Blocks inclined by more than about 10 deg to tne radar 
illun (nation appear notably darker (lower portion of G3). 

In contrast to Montreal, the towns of St. Jean and Iberville (B3/C3), 
on opposite banks of the Richelieu River, show little effect on the levels of 
backscatter. Because the network of streets and blocks in these towns is 
highly inclined relative to the direction of radar illumination, the built-up 
areas yield comparatively iow backscatter and appear dark on the 
image. 

Mount Royal, the feature from which the city takes its name, is 
visible as a dark elliptical area just west of a wide bend in the St. 
Lawrence River (G2/G3). The St. Lawrence Seaway is this narrow black 
strip south of the main river channel in the vicinity of Heron Island and 
Lachine Rapids (F1/F2). 

Directional effects influence the radar backscatter from cultivated 
fields, as well. Two groups of fields with drainage ditches oriented 
parallel to the flight path appear bright in the area outlined on the SIR-B 


imags (C 1 ) . The ditches are more clearly displayed on the corresponding 
airborne SAR coverage of this area, shown here at a scale larger than 
that of the SIR-B. The airborne image was acquired by the Canada 
Centre for Remote Sensing 18 days after the SiR-B image, using a 
sensor with similar wavelength, polarization, illumination direction, and 
flight path, but with a 3-m spatial resolution, which is higher than that of 
the SIR-B image. 

At the times both images were acquired, some fields in the area 
contained rows of standing corn and some contained corn stubble. The 
direction of these rows again influenced the level of radar backscatter. 
For example, in the are < between the two groups of fields outlined on the 
SIR-B image, there is a small bright triangular area where uncut com was 
oriented in rows parallel to the flight path: this area is indicated by an 
arrow on the airborne image. Adjacent to this area, where the com rows 
are inclined by 13 deg to the flight path, the backscatter is notably 
reduced. 

(The airborne SAR image and the technical analysis upon which 
this caption is baaed were provided by Dr, Lawrence Gray, Canada 
Centre for Remote Sensing.) 
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INCIDENCE ANGLE: 21.1 deg 


0 i i 1 i i 20 km 


This image covers portions of a major industrial district in the 
vicinity of Nagoya, Central Honshu, Japan, The port of Nagoya, to the 
south of the city, is located from G3 to H3. Land use is intensive. Many 
parts of the coastline are reclaimed land used for factories, petroleum 
storage, and other industrial purposes. The mole that protects the port of 
Nagoya appears as a thin bright line that extends obliquely from G2 to 
HI ; it was constructed in 1961 in response to the destructive effects of 
the 1959 Typhoon isewan. The mote's three segments have a combined 
length of 7.6 km; they are 6.5 m high and taper in width from 10 m at the 
base to 0 4 m at the top 

On the corresponding Landsat TM image, which was obtained in 
the visible red wavelength (0.63 to 0.69 ftm) 9 days before the radar 
image, the industrial areas are strongly reflective and appear very bright. 
The mote, however, is scarcely perceptible on this image. 

Reclamation currently in progress along the coast at Kira (C 1 to D 1 ) 
results in geometric patterns of medium to dark-gray tones on the radar 


image, but it is mostly imperceptible on the TM image. The aerial photo- 
graph gives a detailed view of this area. 

Intensive rice cultivation is practiced in the deltaic region between 
the Kiso and Ibi Rivers (J1 to K2). The bridges across these rivers and 
levees that protect villages against flooding are revealed as bright lines 
on the radar image. 

The trend of Mikawa Bay along the north coast of the Atsumi 
Peninsula from B1 to B3 marks the trace of a tectonic lineament known 
as the Median Line in this part of Japan. 

(The caption was prepared from information provided by 
Dr. N. Fugono, Radio Research Laboratories, Ministry of Posts and 
Telecommunications, Tokyo, Japan The Landsat image is by courtesy 
of the Earth Observation Center, National Space Development Agency 
of Japan; the aerial photograph was provided by the Shyowa Aviation 
Co., Japan.) 
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32. Northern Shikoku and Sets Inland Sea, Japan 



Japan is transected by two major tectonic lineaments. One is the 
Media. Line that divides the southwest part of Japan into an inner Zone 
to the north and an Outer Zone to the south. The Median Line is truncated 
eastward by the Itoigawa-Shizuoka Line that crosses the middle part of 
Honshu Island in a northerly direction. A portion of the Median Line 
extends across this image from A1 to D3. Faulting along the Median Line 
is thought to have started during the Cretaceous Period and has 
remained active to the present. On the corresponding Lardsat T'M 
image, taken in the middle infrared portion of the spectrum (1.55 to 
1 .75 pm), the linear structure is clearly contrasted bv the differing reflec- 
tivity from vegetated slopes that appear dark and coastal urban areas 
including the town of lyomishima (C2) that appear light. 


Erosional remnants of a former (av^» plateau are situated in the area 
from H2 to K2 and H3 to K3. The sloping surfaces are clearly dis- 
tinguished on the radar image, but the vegetation cover is more dearly 
outlined on the infrared image. The accompanying aerial photograph (a) 
shows in greater detail toe nature of toe surface and the vegetation cover 
between J2 and K2. 

That part of the Sanuki Plain that extends from toe coast at HI to 
the hills at G3 shows an abundance of irrigation ponds that appear as 
small dark patches on the radar image. These small reservoirs supple- 
ment the relatively low annual rainfall (about 1200 mm) for irrigation in 
this region of intensive rice cultivation. On the infrared image, the ponds 
are in strong contrast to the adjacent cultivated fields. 
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Certain cultural features in the coastal region from Gt to Jl appear 
very bright on the raoar image. A most notable feature is the chain of 
three piers in the upper portion of Jl. The piers will form part of the 
Hortshu-Shikoku bridge, which is currently under construction and 
schedules lor completion in 1988. There is no apparent difference in 
brightness between the two outside piers fhat are constructed of steel 
and the center pier that is made of concrete. The very bright area to the 
southeast of the bridge is a petroleum storage complex, with many large 
tanks; if is situated on reclaimed land. The bridge and adjacent coastal 
region of Shikoku in the vicinity of Sakaide are shown in the aerial 
photograph (b). 


Between the bridge and the river at the bottom margin of HI and at 
the left margin of G1 are two coastal areas that appear very dark on the 
radar image The corresponding areas are very bright on the TM image. 
The outlines and the contrasts in reflectivity suggest recently reclaimed 
land surfaces. 

(The caption was prepared from information provided by 
Dr. N. Fugono, Radio Research Laboratories, Ministry of Posts and 
Telecommunications, Tokyo, Japan. The Landsat image is by courtesy 
of the Earth Observation Center, National Space Development Agency 
of Japan; the aerial photograph was provided by the Shyowa Aviation 
Co . Japan.) 
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C. Oceanography 


The SIR-B mission, with its range of incidence angles and orbital configu- 
rations that enabled daily viewing of selected Earth locations, provided a 
good opportunity to test SAR ocean theories and models with coordinated 
experiments based primarily on previous studies of Seasat SAR imagery. 

The imagery in this section was obtained at incidence angles from about 
20 deg to 26 deg. It provides an ovei iew of ocean experiments that took 


place during the flight. The surface-wave experiments focused on comparing 
accurate in-situ measurements with directional wave spectra derived from the 
imagery: this allowed examination of various SAR ocean wave theories and 
models. 
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INCIDENCE ANGLE: 25.1 deg 


Accurate measurement o< directional wave-energy spectra over 
the world’s oceans would provide valuable scientific knowledge of global 
wave climatology and practical reference data to validate, refine, and 
periodicrJy update existing ocoao-wave forecast models. The two- 
dimensional ’’snapshots" of ocean s urface waves obtained by the 
Seasat SAR provided suer? a measure of directional wave spectra. 
However, a nonlinear effect was introduced into the Seasat imagery that 
resulted in the inaccurate measurement of waves traveling in the azi- 
muth direction (Alpers, 1983). The shuttle’s lower altitude could greatly 
reduce this nonlinear effect and therefore produce better estimates of 
wave energy and height from f imagery. 

To confirm improvement in .tirrates of directional wave spectra 
from SIR-8, a series of aircraft flights off the coast of Chile obtained wave 


measurements coincident with the SIR-B coverage of this dimatotogi* 
cally known region or high significant wave height (' f s , the average of the 
highest one-third of the observed waves), These independent mea- 
surements were compared to the Fleet Numerical Oceanography 
Center’s Global Snectrat Ocean Wave Model (GSOWM) (Monalde, 
1985). 

Figures (a), (b), and (c) are two-dimensional wave spectra gener- 
ated from the SAR image and these other wave measurements. They 
present wavelengths of decreasing magnitude in terms of the wave- 
lengths’ distances from the center of the spectra; wave propagation 
direction is determined by the angle of the wave frequency peak from 
north. The 180- deg ambiguity in direction is resolved by the location of 
the weather system that generated the waves, which, in this case, was 
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SI R-B intensi 4 variance spectrum; 
October 11, 0^30 GMT, with shuttle 
(S/C) heading indicated (coordinates: 
55.5 deg S, 82.5 degW). 



ROWS slope vari?.ice spectrum; 
October 1 1, 0 °j 0 GMT, with aircraft 
(A/C) heading indicated (coordinates: 
55.3 deo S, 81.2 deg W). 



GSOWM height variance forecast; 
October 1 1 , 00 GMT (coordinates: 
55.0 deg, 82.5 deg W). 


several hundred kilometers north-northwest of the measurement area, 
making the peak in the southeast quadrant a correct indicator of 
propagation direction. 

As seen in this image taken on October 1 1 , surface waves were 
detected off the coast of Chile traveling in the range direction. As figures 
(a) and (b) indicate, the SAR and the airborne Radar Ocean Wave 
Spectrometer (ROWS) measurements of the primary wave system were 
wavelengths of 250 m and 260 m, and propagation directions of 143 deg 
and 146 deg, respectively; the disparity in H s , however, was significantly 
greater: 4.0 m for SAR and 4.8 m for ROWS. Also, each instrument 


showed a secondary wave system of shorter wavelength propagating in 
nearly the same direction as the primary system. The GSOWM forecast 
for 00 GMT nearest the SIR-B data location predicted a single wave 
system with a wavelength of 275 m, a propagation direction of 172 deg, 
and a H s of 3.0 m (figure (c)). The GSOWM forecast did not predict a 
secondary wave system and showed a much broader distribution of 
directional wave energy for the primary system. As these and other 
results from the Chile experiment indicate, the GSOWM forecast could 
have benefited by incorporation of the SAR (and ROWS) estimates of 
directional wave spectra. 
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Surface waves generated by hurricane Josephine were imaged off 
the east coast of North America. As the image enlargements from 
several locations along the radar track indicate, the waves underwent 
considerable spatial evolution in propagation direction and wavelength. 

Josephine developed from a tropical depression on October 7 to a 
tropical storm on October 8 and finally a hurricane on October 10 when 
65-knot winds occurred (see map). Josephine moved north and east 
some 2500 kilometers until it dissipated south of Newfoundland on 
October 18. The imagery was obtained on October 12 at 16:31 GMT 
during the period of maximum hurricane intensity, when the wind speed 
was 90 knots. 

A partial track of Josephine is given on the map, where maximum 
wind speeds in knots are indicated at 6-h intervals; the radar track with 
times of acquisition are also indicated. 

From two-dimens tonal wave spectra obtained from the imagery, 
the dominant wavelength and direction of the wave systems have been 
estimated and ire shown graphically on the map. The primary wave 
system propagated north and northeast away from the storm track and 
underwent a rotation in direction of over 90 deg and a change in wave- 
length of over 30%: the wavelengths increased from less than 200 m to 
greater than 300 m. These waves were generated earlier when the 
hurricane was further south, and they evolved into ocean swell. Second- 
ary wave systems with shorter wavelengths were also detected moving 
northwest and west in the upper portion of the radar track and east in the 
lower portion, separated by a zone where no secondary waves were 
seen. The propagation directions of these secondary waves were 
aligned roughly in the direction of ttie cyclonic (counterclockwise) wind 
field rotating around the hurricane eye, indicating that the secondary 
waves were locally generated. 


latitude 
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35. Surface Waves at Different Aspect Angles, North Atlantic 


INCIDENCE ANGLE: 26.3 deg 


10 km 


While ihe principal mechanisms for the SAR imaging of surface 
waves are fairly well known, the importance of nonlinearities in the 
imaging mechanisms are not well known (for example, Vesecky and 
Stewart. 1982: Hasselmann et al., 1985). Determining the mechanisms 
and their properties are particularly important in measuring ocean wave 
spectra from SAR imagery based on a transfer function. To test various 
imaging theories and the influence of environmental parameters on 
these theories, an experiment was conducted in the North Atlantic 
Ocean southwest of England to obtain highly accurate wave information 
from buoys. The buoy data were obtained at the intersection of two SIR-B 


orbits. The imagery obtained at this intersection permitted viewing one 
area of the ocean surface at two closely spaced intervals and at signifi- 
cantly different aspect angles 

These two images of the same area in the North Atlantic were taken 
6 h apart on October 11, 1984 (Keyte and Macklin, 1986). Image (a) 
contains waves traveling in the range direction, while image (b) shows 
the same wave field traveling in the azimuth direction. The heading of the 
orbital track for image (b) rotated 50 deg clockwise from that for image 
(a) One of the research ships appears in both images ((a). J5; (b), E3) as 
a bright narrow target because a radar transponder was on board. 
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From the SAR spectra, wavelengths of 192 m and 182 m with propa- 
gation directions of 3 19 deg and 290 dag from north were measured tor 
images (a) and (b), respectively. Consistent with linear imaging theories, 
favorable comparisons in wavelength and direction were obtained by the 
vanous deployed buoys. However, although not conclusive, a reauction 
in the intensities that were based on model predictions of the SAR 
spectra for the azimuth waves in image fb) may indicate inadc* juacies in 
the estimates of certain nonlinearities in the imaging mechanisms. 


Also seen in image (a) are a moving cargo ship and its bow or 
Kelvin wake (E5), two small slicks side by side (A1/A2) produced by a 
thin surface film, and two research ships faintly visible as bright point 
targets (Bt and B2). The oil film was discharged by one of the nearby 
ships to study the dampening of short gravity waves by the film and its 
effect on the SAR imaging of the ocean surface. The film also indicates 
the presence of horizontal shear since the original slick subsequently 
divided into two separate slicks. 
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NCIDENCE ANGLE: 20.6 deg 


The New York Bight is located northeast of Hudson Canyon on the 
continental shelf at depths of 50 to 100 m Internal waves have been 
extensively observed along this region, particularly in summer when they 
are trapped in the strong ana shallow thermocline, and are believed to be 
locally generated by tidal interaction with sharp variations in bathymetry. 
In this image, internal waves are seen as alternating bands of rough and 
smooth sea surface; these bands result from the modulation of short 
surface waves by the internal waves themselves. 

Within each packet (which is a discrete group of internal waves), 
the internal waves decrease monotomcaHy in wavelength from a leading 
wave crest of 400 to 500 m to a rear wave crest of 1 50 to 200 m, and they 
are generally aligned parallel to the bathymetric contours. These are 
characteristic observations of internal waves in coastal waters. 

Note the overall low detectability of the internal waves in the dark 
low-wind area (measured wind speed about 1 m/s), which forms a 
curvilinear boundary with the bright higher-wind area (measured wind 
speed about 3 m/s), perhaps indicating an interaction o f water masses 
with slightly different temperatures In the lower left of the image, the dark 
streaks are small eddies and/or surface films. 
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In an experiment headed by R. Gasparovic and J. Apel (SARSEX 
Interim Report, 1985), ship measurements of several oceanographic 
parameters important to the understanding of the SAR imaging of inter- 
nal waves were obtained in this region simultaneously with the shuttle 
overpass. Specifically measured were parameters associated with the 
wave packet located a* FI (the ship itself is not detectable). Several 
temperature profiles (figure (a)) taken near the time of the overpass 
locate the thermocline at 40 to 45 m a strong deepening from earlier in 
the summer and indicate a cooling in the uppermost layer. Tire vertical 
excursions of three isotherms caused by an internal wave field propagat- 
ing past the ship are shown in figure (b). The internal waves had a 
peak to-trough amplitude of about 9 m and a period of about 6 min. 

These and other in-situ measurements including surface strain 
rates, currents, and surface roughness will be used to help understand 
the hydrodynamic interaction of the short surface waves, the surface 
currents induced by internal waves, and the resultant modulated radar 
scattering. This knowledge might enable predictions of the energetics of 
internal waves from SAR intensity signatures. 
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away from significant surface currents. Some eddies seem to haw been 
formed by strong coastal current shears (Fu and Holt, 1982). The extent 
of the repeated observations from the shuttle flight suggest that such 
eddy fields are commonplace in many of the world’s seas. 


Portions of other eddies are seen extending into the dark tow-wind area. 
The mean surface currents along this part of the MkJdte-Attantic Bight are 
not strong, flowing southward with velocities of about to cm/s 
f Beardsley and Boicourt, 1981). 
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of the continental « H elf off Delaware, taken October 9 at noon local time. 
The eddies show on tl te photograph because of a sun glitter effect, which 
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Surface expressions of the shoals off Martha’s Vineyard are clearly D 1 and E 1 ). Some of the darkest expressions, such as the narrow curvy 

seen in this image. The shoals are shallow sand regions that rise to within band extending off the southeast comer of Chappaquiddick Island (Ft), 

a few meters of the surface from a 10- to 25*m floor; they are part of a may be shoal areas that are exposed or nearly exposed. Note the lack of 

large shoal region that extends to nearby Nantucket Island, A compari- surface expressions south of Martha’s Vineyard where no shoals are 

son of this image with the corresponding bathymetry map indicates a present and off Cape Cod where shallow water does occur, 

close association of the expressions with the 5- and 1C- fathom contour This area has a low tidal range of 1 to 1.3 m with fairly strong and 

fines. The patterns are characterized by narrow curvilinear bands of taw variable tidal currents (from Tidal Current Tables, 1984). At the time of 

return adjacent to narrow bands of enhanced brightness (tor example, the overpass, the water at Chappaquiddick was some 40 min away from 
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a lovi tide of 0. 1 m ; this is nearly the mean tidal level of the area. The tidal 
current directions and speeds shown on the bathymetry map indicate a 
generally west-to-southwest tidal flow across the shoal regions. The 
current speeds near Martha's Vineyard, where the surface expressions 
are strongest, are generally greater than 0.5 m/s; the speeds near Cape 
Cod are lower, and there is no surface expression over the ooal region. 

The expression of bottom features on SAR imagery is the result of 
differentiated backscatter of the radar signals. These variations in back- 


scatter are caused by the modulation o' short surface waves as the tidal 
current flows over uneven topograpiiy. Essentially, there is no pene- 
tration of the sea by the radar signal at the SIR-B frequency. A recent 
theory (Alpers and Henning® 1 984) predicts an enhanced image bright- 
ness downstream and r> oed image brightness upstream of a sub- 
surface feature. Qualitatively, this is an accurate description of the 
surface expressions seen in this image, given the direction of tidal 
current flow. 
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i IK tfti II. 


the Arctic Ocean amt surrourclinq seas decreases about 50% in extent 
during summer, over 85% of iha sea fee in the Antarctic region mete. 
From this it follows that most of the sea fee in the Southern Ocean is 
first-year ice fup to 2 m thick) and half of the sea fee in the Arctic region is 


size from 0.5 to 10 km, indicating a significant amount of deformation and 
advection of the ice cover 

The accompanying figure is an infrared image of the Wedded Sea 
from the Advanced Very High Resolution Radiometer (AVHRR) on the 
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Acquired at the outermost edge of the marginal ice zone in the 
Weddell-Scotia Seas, this Image reveals sea ice as dark wavy bands 
within the bright open water. Also, numerous Icebergs are resolvable as 
small dark features (for example, Jl . F2, and B f >. The radar swath also 
passed over Zavodovskt Island (E1/F1), the northernmost island in the 
South Sandwich chain. Several islands in the chain were first observed 
by Captain James Cook in 1775 and others, like Zavodovski, by the 













approximate right angles to *he wind, A diagram after Wadharr 5 (1933) 


illustrates the formation, consolidation, and movement of ire bands, 


which are separated by open water or polynyas, during off-ice winds. 


the imagery was acquired; this is confirmed by regional weather charts. 
The ice bands were in fact formed three days earlier and were being 
driven back towards the ice pack. 
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Appendix A 

Glossary of Acronyms and Technical Terms 


basaltic lava flow with rough, splintery surfaces 


acidic containing over 66% Si0 2 , as applied to igneous rocks 

(cf. basic) 

A/D analog to digital (data conversion) 

albedo ratio of electromagnetic radiation reflected by a body 

to the amoun. of radiation incident upon the body 

al’ ivial fan cone-shaped deposit formed where a stream issues from 

mountains onto lowlands 

alluvium stream deposits of comparatively recent time 

andesitic composed essentially of andesine and one or more mafic 

constituents, as applied to volcanic rocks 

anticline folded -rock structure whose limbs dip away from the 

fold axis 

aspect angle azimuth viewing angle, expressed as a compass direction 

azimuth bearing of a line measured clockwise from geographic 

north 

azimuth (radar along-track direction of image acquisition 

imaging) 

backscatter portion of transmitted microwave energy that is reflected 

(radar) back to the radar antenna to create a radar image 

band an interval in the electromagnetic spectrum (qv) whose 

boundaries are marked by a lower and an upper limiting 
wavelength or frequency 

bandwidth frequency range used to modulate a transmitted carrier 

frequency 

basaltic composed essentially of calcic plagioclase and pyroxene, 

as applied to fine- to medium-grain igneous rocks 
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basement 

crustal rocks of deep-seated origin, generally igneous and 
metamorphic 

basic 

comparatively low in silica, as applied to igneous rocks 
(cf. acidic) 

basin 

low crustal area of tectonic origin where sediments have 
accumulated 

bedding 

collective term for planes dividing sedimentary rock layers 

caldera 

large circular depression in volcanic terrain that originates 
from collapse or explosion 

caliche 

surficial debris cemented by porous calcium carbonate 

clastic 

composed predominantly of fragments derived from 
preexisting rocks, as applied to sedimentary rocks 

correlation 

(radar) 

processes by which the Doppler phase histories recorded 
on tape or radar signal film are converted into radar 
images, using optical or digital techniques 

craton 

stable area of Earth’s continental crust; includes shield 
and platform 

dacitic 

similar to andesitic, but having less calcic plagioclase and 
more quartz, as applied to volcanic rocks 

density slice 

classification of continuously variable digital image data 
into discrete intervals represented by different colors or 
gray levels 

depression angle 
(radar) 

angle between the horizontal plane and the line that 
links an imaging radar antenna to a feature on the ground; 
commonly used to describe the imaging geometry of 
airborne imaging radars 

dike 

tabular body of intrusive igneous rock that crosscuts the 
structure of the host rock 



dip an^. : at which a bed or other planar feature is inclined to 

the horizontal 

dipterocarp any of a family of tall trees of tropical Asia or Indonesia 

bearing two-winged fruit 

dome any structural deformation characterized by approxi- 

mately circular local uplift (e.g., salt dome, rock dome) 

DOMSAT domestic satellite 

dynamu ,ge sensitivity of a radar -ystem in dB 

electromagnetic an ordered progression of radiations that includes cosmic, 

spectrum gamma, X, ultraviolet, visible, infrared, microwave, and 

radiowave energy 

eolian related to wind action, as applied to erosion, transport, 

and deposition of sediments 

flatiron pattern on remotely sensed images and photographs from 

which dip unc! strike of layeied rocks may be inferred 

floodplain the portion of a river valley built of sediment deposited 

by an existing river, *’ie plain is covered with water when 
the river overflows its banks 

gneiss coarse-grained metamorphic rock with alternating bands 

of granular and schistose material 

granite coarse-grained igneous rock composed essentially of 

quartz and alkalic feldspar 

gravity wave ocean-surface wave longer than 2 cm whose restoring 
force is dominated by gravity 

graywacke coarse-grained sandstone consisting of angular grains of 

quartz and feldspar, with a variety of rock and mineral 
fragments embedded in a compact clayey matrix 


halophyte 


plant that requires a salty or alkaline soil 


ice floe relatively flat piece of sea ice 20 m or more across 

igneous rock rock solidified from a former molten state 

ignimbrite volcanic rock formed by wide distribution and consolida- 

tion of ash flows 

illumination direction in which pulses of microwave energy are trans- 
direction (radar) . litted from an imaging-radar antenna; normally at right 
angles to the line of flight of the sensor 

image visual reproduction of a scene acquired by SAR, MSS, 

TM, or photographic sensor 

incidence angle angle between the incident radar beam at the ground and 
(radar) the normal to the ground surface at the point of incidence 

inselberg isolated residual hill rising above the general level of the 

erosion surface 

internal wave subsurface ocean wave that occurs at a density gradient 
within the water column 

island arc curved chain of islands rising from deep sea floor, near a 

continent 

Kanamori scale a scale for quantifying the energy in very large magnitude 
earthquakes; the scale is recalibrated from and more 
accurate than the Richter scale 

karst an irregular hummocky terrain marked by subsurface 

drainage and numerous sinkholes interspersed with 
abrupt ridges. The subsurface is characterized by caverns 
and features formed by the solution and collapse of 
limestone 

Landsat any of a series of five orbital imaging satellites that have 

measured and recorded reflectance from the Earth’s 
surface at visible and infrared wavelengths 

L-band a radar operated within the interval of wavelengths from 

19.3 to 76.9 cm and frequencies from 0.39 to 1 .55 GHz 
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lead 

fracture through sea ice that is navigable by surface 
vessels 

pillow (basalt) 

loess 

blanket deposit of wind-blown silt 

polarization 

look angle (radar) 

angle between the vertical plane and the line that links 
u.i imaging-radar antenna to a feature on the ground 


Mbits/s 

megabits per second, used to describe rate of transmission 
of digital data 

polynya 

pumice 

metamorphic 

rock altered from an original condition by elevated 


rock 

temperature and/or pressure that produces a change of 
texture and mineralogy 

pyroclastic 

metasedimentary 

evidence of metamorphism, as applied to sedimentary 
rocks 

radar 

microwave 

any electromagnetic wave having a wavelength in the 



interval between one millimeter and one meter 

range 

(radar imaging) 

migmaute 

rock composed of igneous and metamorphic materials 

repeat cycle 

MSS 

multispectral scanner; a Landsat imaging system that 
scans a scene in four bands simultaneously 

(of an orbit) 
resolution 

muscovite 

mineral in the mica group 

(spatial) 

nadir 

point or t ack on the ground vertically beneath an orbiter 

returns (radar) 

NOAA 

National Oceanic and Atmospheric Administration 

node to'bit) 

point at which an orbiter crosses Earth’s equatorial plane 
on an ascending orbit 

rhyolitic 

ophiolite 

an assemblage of basic and ultrabasic igneous rocks 

Riedel-Sh :ar 

orthoquartzite 

quartzite of sedimentary origin 

SAR 

pahoehoe 

basaltic lava flow with smooth, ropy surfaces 

scarp 

pedime' . 

broad erosion surface at the base of a mountain front 



structure characterized by discontinuous pillow-shaped 
masses, considered to be the product of subaqueous 
volcanism 

vibration direction of electrical field in electromagnetic 
radiation; polarization is parallel in SAR systems when 
transmit and receive directions are the same 

area of open water surrounded by sea ice 

volcanic rock, light colored, cellular to glassy 

formed by the accumulation of fragments scattered by 
volcanic explosions 

radio detection and ranging; radar is used in remote 
sensing for measuring and mapping the Earth and plane- 
tary surfaces 

across-track direction of image acquisition 


time required for orbiter to return to a previously occu- 
pied position relative to Earth 

the minimum distance between two adjacent features on 
the ground, or the minimum size of a feature on the 
ground, that can be detected by an imaging system 

backscatter (qv) 

typically composed of quartz and alkali feldspar in a 
glassy groundmass, as applied to volcanic rocks 

shear planes formed at an acute angle to the line of 
differential movement 

synthetic-aperture radar (qv) 

cliff or steep slope of some extent that may form a 
marked topographic boundary 
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scene 


area covered by SAR, MSS, TM or photographic image 


schist metamorphic rock showing strong foliation 

Seasat an Earth-orbiting satellite equipped with five instruments, 

including a side-looking synthetic-aperture imaging radar 
system, for studying ocean dynamics 

sedimentary rock rock formed from the accumulation of particles of preexist- 
ing rock, or from chemical or biochemical precipitation 

seif large, tapering, sharp-crested longitudinal dune 

seismic relating to an earthquake or earth vibration 

sericite white mica occurring as alteration product in various 

metamorphic roc s 

shadow (radar) an area of no radar backscatter on an image caused by an 
obstruction that blocks the illuminating radar beam 

signature (radar) characteristics and patterns of objects that permit recog- 
nition of the objects on radar images 

sinkhole f innel-shaped depression, usually in a limestone region, 

that connects to a subterranean passage formed by solution 

S1R-A Shuttle Imaging Radar experiment flown on Space Shuttle 

Columbia in November 1 98 1 

SIR-B Shuttle Imaging Rada experiment flown on Space Shuttle 

Challenger in Octobe' '984. 

specular mirror-like returns of a radar signal 

(reflections) 

stratovolcano cone composed of alternating layers of lava and pyro- 
clastic materials, generally large and steep sided 


strike 


bearing of an inclined bed or structure on a level surface 


strike-slip fault fault in which the movement of the rocks on each side of 
the fault plane is predominantly horizontal. The displace- 
ment is either left-lateral or right-lateral depending on the 
direction of movement of the far block as viewed from 
either side of the fault 

subduction a large-scale crustal process where one lithospheric plate 

descends beneath another 

suture boundary zone, denoting margin of former crustal plates 

syncline folded-rock structure whose limbs dip toward the fold 

axis 

synthetic- a side-looking airborne or spaceborne imaging system 

aperture radar that uses the Doppler principle to sharpen the effective 
beamwidth of the antenna 

tectonf' relating to major structural and deformational features of 

the Earth's crust 

thermocline a region of rapid temperature change in a body of ther- 

mally stratified water 

thrust fault low-angle dip-slip fault in which the block above the 

fault plane moves up and over the lower block 

till unstratified sediment deposited directly by a glacier 

TM thematic mapper; a Landsat imaging system that scans a 

scene in seven bands simultaneously, with higher spatial 
and spectral resolution than the Landsat MSS 

transform fault a plate boundary along which strike-slip motion occurs, 
usually offsetting segments of a spreading ridge 

trellis (drainage) surface pattern of parallel main streams with right-angle 
tributaries that are fed by secondary tributaries that 
parallel the main streams 

tuff rock formed of compacted volcanic fragments generally 

less than 4 mm in diameter 
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ultrabasic 


containing less than 45% silica, as applied to igneous wadi 
rocks 


dry stream channel, common in arid lands in North Africa 
and Asia Minor 


volcanic rock 


igneow rock formed by uption at the Earth’s surface 


wave energy mean wave energy per unit area 
spectra 


128 



Appendix B 
Index off Images 
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